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DEDICATED IN MEMORY OF
Wayne E. Sabbe
Wayne E. Sabbe was born June 17, 1937 in Rugby, North Dakota. He received his 
B.S. degree in soil science from North Dakota State University in 1959, and his Ph.D. 
from Oklahoma State University in 1963. Dr. Sabbe started work with the University of 
Arkansas in 1963 as a crop physiologist with the United States Department of Agricul-
ture, Agricultural Research Service. In 1966, he was appointed assistant professor, and 
in 1975, he advanced to professor. Dr. Sabbe spent his complete academic career with 
the university until he retired from the Department of Crop, Soil, and Environmental Sci-
ences in 1999. During his career in the department, he was the leader and mainstay for 
soil testing in Arkansas. Evident of the respect and admiration of his colleagues is the fact 
that he was elected by the college faculty to serve as the first faculty chair in the 1990s. He also served as an interim head of 
the department, chair of the Dean’s Faculty Advisory Council, chair of the Promotion and Tenure Committee, and in numerous 
other important committee positions. As both a crop physiologist and a soil scientist, Dr. Sabbe’s broad, practical view was 
important to researchers, farmers, and extension personnel as well as students. During his career, he was an advisor to 16 M.S. 
and 10 Ph.D. candidates, and some 90 others asked him to serve on their graduate committees.
Dr. Sabbe extended the Soil Testing and Diagnostic laboratories at Arkansas to include services other than soil testing, 
such as manure, forage, water, and plant analyses. His expertise in soil and plant analysis extended regionally, nationally, 
and internationally. In 1997, Dr. Sabbe was recognized with the prestigious J. Benton Jones Award given at the International 
Soil Testing Symposium by the Soil Testing and Plant Analysis Council. This recognition was prefaced by years of service to 
groups ranging from the Arkansas Plant Food Association to the Southern Regional Soil Testing Work Group and the Board of 
Directors of Council for Agricultural Science and Technology (CAST), as well as the American Society of Agronomy (ASA), 
Soil Science Society of America (SSSA), Certified Crop Adviser (CCA), the Soil Testing and Plant Analysis Council, and the 
European Society of Agronomy. 
From 1991 to 2000, 52 presentations on his research were given at regional, national, and international meetings. His 
publications on soil amendments for plant nutrition were and still are important for the producer and researcher alike. Several 
of his publications explored the possibilities of using exchange resins to substitute for the time- and labor-intensive greenhouse 
approach to evaluate season-long nutrient release. The SSSA requested that he be the lead author on two chapters in their Soil 
Testing and Plant Analysis publication and on a monograph on cotton. Internationally, he worked with plant-soil nutrition and 
hosted scientists on short-term visits to Arkansas. In 1992, he fulfilled an off-campus sabbatical to Australia to expand the use 
of Near Infrared Spectroscopy for analysis of nitrogen and starch in cotton leaves.
Dr. Sabbe edited this research series when it was titled Arkansas Soil Fertility Studies from the publication’s inception in 
1989 until his retirement in 1999. In recognition of Dr. Sabbe’s contributions to soil testing and fertility, this publication was 
renamed the Wayne E. Sabbe Arkansas Soil Fertility Studies in his memory, starting with the 2001 publication.
Summary
Rapid technological changes in crop management and production require that the research efforts be presented 
in an expeditious manner. The contributions of soil fertility and fertilizers are major production factors in all 
Arkansas crops. The studies described within will allow producers to compare their practices with the uni-
versity’s research efforts. Additionally, soil-test data and fertilizer sales are presented to allow comparisons 
among years, crops, and other areas within Arkansas.
Introduction
The 2020 Arkansas Soil Fertility Studies publication includes research reports on numerous Arkansas commodities 
and several disciplines. For more information on any topic, please contact the author(s). Also included is a summary 
of soil-test data from soil samples submitted during 2019. This set of data includes information for counties, soil 
associations, physiographic areas, and selected cropping systems.
Funding for the associated soil fertility research programs came from commodity check-off funds, state and federal 
sources, various fertilizer industry institutes, and lime vendors. The fertilizer tonnage fee provided funds not only 
for soil testing, but also for research and publication of this research series.
The mention of a trade name is for facilitating communication only. It does not imply any endorsement of a particular 
product by the authors or the University of Arkansas System Division of Agriculture, or exclusion of any other 
product that may perform similarly.
Extended thanks are given to the staff at state and county extension offices, as well as at research centers and stations, 
farmers and cooperators, and fertilizer industry personnel who assisted with the planning and execution of the 
programs.
This publication is available as a research series online at:
https://aaes.uark.edu/communications/publications/
 Nathan A. Slaton, Editor
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The University of Arkansas System Division of Agricul- 
ture has a rich history in agricultural services, including soil 
testing. The Fertilizer Tonnage Fee was established in the 1950s 
with the funds used to provide Arkansas citizens with low-cost 
soil-testing services for nutrient management and research. The 
Arkansas Soil Testing Program has grown over the years and 
is the second-largest public soil-testing program in the United 
States with regard to the number of soil samples analyzed an-
nually. Although some proportion of agricultural soil samples, 
primarily grid samples collected from row-crop fields, are sent 
to private laboratories, the majority of soil samples are believed 
to be submitted to and analyzed by the University of Arkansas 
System Division of Agriculture’s Marianna Soil Test Laboratory 
(MSTL), located in Marianna, Ark. The large number of soil 
samples analyzed annually by the MSTL creates a tremendous 
database that can be used to assess soil chemical properties for 
different land-use systems within Arkansas. 
Each calendar year, we summarize data from soil-test 
results to examine how selected soil chemical properties are 
distributed across the Arkansas landscape with a focus on soil 
pH, and Mehlich-3 extractable soil nutrients phosphorus (P), 
potassium (K), and zinc (Zn) because these properties are most 
frequently used for agricultural nutrient management. This re-
port summarizes soil pH and P, K, and Zn availability indices 
from samples submitted during 2019 and includes a special 
summary on soil pH and soil-test Zn for selected previous crops. 
Procedures
Soil-test data from samples submitted to the MSTL be-
tween 1 January 2019 and 31 December 2019 were categorized 
according to the geographic area (GA), county, soil association 
number (SAN), and selected cropping systems. The GA and 
SAN were derived from the General Soil Map, State of Arkansas 
(Base 4-R-38034, USDA, and University of Arkansas System 
Division of Agriculture's Agricultural Experiment Station, 
Fayetteville, Ark., December 1982) for samples submitted from 
1 January 2019 through 31 May 2019. The SAN and GA were 
updated using the Arkansas General Soil Map (USDA-NRCS, 
https://www.arcgis.com/apps/webappviewer/index.html?id=f
b6594f5690c4830be19624a8cfeaea9, April 2011) for samples 
submitted from 1 June 2019 through 31 December 2019. The 
use of the new General Soil Map was part of the initiation of 
a new laboratory information management system (LIMS) 
at the lab. Because the two maps are different, the GA- and 
SAN-specific soil-test information from each map are presented 
when appropriate. 
Soil samples are categorized as either field-average or 
grid samples based on how the soil submission is completed. 
Because grid soil samples are frequently submitted in high 
volume, selected information, such as GA, SAN, and previ-
ous crop, is often not provided. Field-average samples are 
defined as samples that had all or nearly all information fields 
completed. Some proportion of the field-average samples may 
be grid samples that had all information fields completed. The 
information tables presented in this report may contain slightly 
different sample or acreage numbers for field-average samples. 
The difference in values is because some information not com-
pleted at the time of sample submission excludes the sample(s) 
from certain data queries performed to create this summary.
Descriptive statistics of the soil-test data were calcu-
lated for categorical ranges for pH, P, K, and Zn. Soil pH and 
Mehlich-3 extractable soil nutrient (i.e., P, K, and Zn) avail-
Arkansas Soil-Test Summary for Samples Collected in 2019
R.E. DeLong,1 N.A. Slaton,1 C.G. Herron,2 and D. Lafex2
Abstract
Soil-test data from soil samples submitted to the University of Arkansas System Division of Agriculture’s Soil Testing 
Laboratory (MSTL) in Marianna in 2019 were categorized according to the geographic area (GA), county, soil asso-
ciation number (SAN), and selected cropping systems. Descriptive statistics of the soil-test data were calculated for 
categorical ranges for pH, phosphorus (P), potassium (K), zinc (Zn), and pH and Zn combinations for selected previ-
ous crop codes. In 2019, 153,914 client soil samples were analyzed by the MSTL. Of the total samples, 34,977 were 
submitted as field-average samples, representing 693,231 acres for an average of 20 acres/sample. Grid soil samples 
accounted for 117,460 or 77% of all submitted samples. Soil samples from the Bottom Lands and Terraces and Loessial 
Plains with row-crop agriculture represented 25% of the total field-average samples and 50% of the total acreage. Soil 
association numbers show that most samples were from soils common to row-crop and pasture production. Crop codes 
indicate that land used for i) row-crop production accounted for 68% and 42%, ii) hay and pasture for 20% and 20%, 
and iii) home lawns and gardens accounted for 1% of sampled acreage and 20% of submitted samples, respectively. 
This report includes a summary of soil pH and soil-test Zn for selected previous crops. The combination of neutral to 
high soil pH and Very Low soil-test Zn indicates that about 6% of the soils cropped to corn and grain sorghum acres 
and 9% of the acres cropped to rice and soybean have a high risk of Zn deficiency.
1 Program Associate and Professor, respectively, Department of Crop, Soil, and Environmental Sciences, Fayetteville.
2 Program Manager and Research Technologist, respectively, Soil Testing and Research Laboratory, Marianna.
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ability index values indicate the relative level of soil fertility. 
Soil pH is determined by electrode while stirring in a 1:2 
volume-to-volume soil:water mixture (Sikora and Kissel, 2014). 
The Mehlich-3 extraction process is described by Zhang et al. 
(2014). The nutrient concentrations in Mehlich-3 extracts are 
determined using an inductively coupled plasma optical emis-
sion spectrophotometer (ICAP, Spectro Arcos model). The 
MSTL participates in the Agricultural Laboratory Program 
(ALP; http://collaborative-testing.com/) quality assurance 
and quality control program to ensure that soil-test analytical 
information provided to customers is accurate and precise. Soil 
pH and Mehlich-3 extractable Zn data were also summarized 
for selected previous crops.  
Results and Discussion
Between 1 January 2019 and 31 December 2019, there 
were 168,296 soil samples analyzed by the MSTL. After 
removing 14,382 standard-solution and check-soil samples 
measured for quality assurance, the total number of client (e.g., 
researchers, growers, and homeowners) samples was 153,914 
comprising 1480 research samples and 152,434 samples from 
the public that had complete data for the county, total acres, 
and soil pH, P, K, and Zn (Table 1). The submitted soil samples 
represented 1,853,489 acres for an average of 14 acres/sample. 
The cumulative number of samples and acres from informa-
tion listed in Tables 1 to 4 may vary somewhat because not all 
samples included SAN, GA, and/or previous crop. Of the total 
number of submitted client samples,113,514 samples were 
submitted as grid samples and 38,920 were samples submitted 
as field- or area-average composites, collected primarily from 
agricultural fields.
Values listed in Table 1 include the number of grid samples 
analyzed but may not represent the total acres sampled. The 
new LIMS allows grid sample acreage to be included. Each 
grid soil sample usually represents 2.5 to 5.0 acres, and most 
grid samples are collected and submitted by a consultant or 
soil sampling service. The five counties with the most samples 
submitted include Craighead (19,159 samples); Clay (17,435 
samples); Crittenden (14,815 samples); Poinsett (12,246 sam-
ples); and Desha (10,574 samples) with the majority of these 
samples being grid samples. The large number of grid samples 
submitted through these counties explains why the acres per 
sample values in Table 1 are often very low for some counties.
Soil samples from the Bottom Lands and Terraces, and 
Loessial Plains, primarily row-crop areas, represented 25% of 
the total field-average samples and 50% of the total acreage 
for samples submitted with a geographical area designation 
(Table 2). The average number of acres represented by each 
field-average soil sample from the 21 geographic areas ranged 
from 2 to 45 acres/sample. Soil association numbers show that 
most samples were taken from soils common to row-crop and 
pasture production areas (Table 3). The soil associations having 
the most samples submitted were 4 (Captina-Nixa-Tonti), 44 
(Calloway-Henry-Grenada-Calhoun), 45 (Crowley-Stuttgart), 
and 12 (Leadvale-Taft) from the 1982 Arkansas General Soil 
Map, and 17 (Carnasaw-Clebit-Sherless-Pirum) from the 2011 
Arkansas General Soil Map. However, the soil associations 
representing the largest acreage were 45 and 44 from the 1982 
Arkansas General Soil Map, 24 (Dundee-Dubbs-Bosket-
Sharkey) from the 2011 Arkansas General Soil Map, and 4 
and 29 (Perry-Portland) from the 1982 Arkansas General Soil 
Map which represented 20%, 15%, 6%, 3%, and 3% of the total 
sampled acreage, respectively. 
Crop codes listed on the field-average samples indicate that 
land used for i) row-crop production accounted for 68% of the 
sampled acreage and 42% of submitted samples, ii) hay and 
pasture production accounted for 20% of the sampled acreage 
and 20% of submitted samples, and iii) home lawns and gardens 
accounted for 1% of sampled acreage and 20% of submitted 
samples (Table 4). Among row crops listed in Table 4, 55% 
of the soil samples were collected following soybean in the 
crop rotation. The cumulative acreage soil sampled following 
soybean represented about 12% of the annual soybean acreage, 
which totaled 2.61 million harvested acres in 2019, respectively 
(USDA-NASS, 2019). The percentages of acres sampled and 
soil samples collected for row crop codes are underestimated 
since a large number of row crop samples are submitted as grid 
samples without information listing the previous crop grown. 
Information in Tables 5, 6, and 7 pertain to the fertility 
status of Arkansas soils as categorized by GA, county, and the 
crop grown before collecting field-average soil samples (i.e., 
grid samples not included, except by county), respectively. The 
soil-test levels and median nutrient availability index values 
relate to the potential fertility of the soil but not necessarily to 
the productivity of the soil. The median is the value that has an 
equal number of higher and lower observations and might be 
a better overall indicator of a soil’s fertility status than a mean 
value. Therefore, it is not practical to compare soil-test values 
among SAN without knowledge of factors such as location, 
topography, and cropping system. Likewise, soil-test values 
among counties cannot be realistically compared without 
knowledge of the SAN and a profile of the local agricultural 
production systems. Soil-test results for cropping systems can 
be carefully compared by recognizing that specific agricultural 
production systems often indicate past fertilization practices or 
may be unique to certain soils that would influence the current 
soil-test values. The median pH of most soils in Arkansas ranges 
from 5.4 to 6.6 (Table 5). However, the predominant soil pH 
range varies among Arkansas counties (Table 6) and cropping 
systems (Table 7).
Table 7 summarizes the percentage of acreage from field-
average soil samples that falls within selected soil-test levels 
(as defined by concentration ranges) and the median concen-
trations for each of the cropping system categories. Soil-test 
nutrient availability index values in Arkansas are categorized 
into soil-test levels of Very Low, Low, Medium, Optimum, and 
Above Optimum. Among row crops, the lowest median P con-
centration occurs in samples following rice and soybean in the 
rotation and the lowest median K concentrations occur in soils 
following non-irrigated grain sorghum, wheat, rice, and corn. 
Soils collected following cotton production have the highest 
median K concentration. The median soil-test P and K for the 
hay crop codes decreased rapidly for several years following 
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manure application regulations, but the fertility decline has 
slowed. The low to medium median soil-test P and K for soils 
used for forage production likely require P and K fertilization to 
maximize yields and maintain soil fertility. The highest median 
concentrations of P and Zn occur in soils used for home garden 
and landscape/ornamental plant production.
The availability of soil Zn for crop growth is important for 
its role as a constituent of enzymes and in metabolic reactions 
and, like many micronutrients, its availability decreases as soil 
pH increases. Table 8 summarizes Mehlich-3 extractable Zn and 
soil pH combinations for selected row and forage crops (as the 
previous crop grown). The largest percentage of the sampled 
acres (25% to 45%) for each of the previous crops represented 
in Table 8 occurs in the Low soil-test Zn level. The Very Low 
and Above Optimum soil-test levels represented 9% to 21% 
and 4% to 28%, respectively, of the sampled acres and reflects 
the sensitivity of the crop to Zn deficiency, previous fertiliza-
tion practices involving Zn fertilizer or manure, or both. For 
example, rice and corn are both considered sensitive to Zn 
deficiency and Zn fertilizer is often included in fertilization 
programs. Forages and cotton are not considered sensitive 
to Zn deficiency, but forages have historically been fertilized 
repeatedly with poultry litter, which over time results in the 
accumulation of soil P and Zn. The combination of neutral to 
high soil pH and Very Low soil-test Zn indicates that about 
6% of the soils cropped to corn and grain sorghum acres and 
9% of the acres cropped to rice and soybean have a high risk 
of Zn deficiency. 
Practical Applications
For soil samples submitted in 2019, 69% of the samples and 
89% of the represented acreage had commercial agricultural/
farm crop codes. The results of annual soil-test summaries, 
or more specific summaries assembled for selected cropping 
systems, soils, or geographic areas, can be used in county- or 
commodity-specific nutrient management education programs. 
Comparisons of annual soil-test information can document 
trends in fertilization practices or areas where nutrient manage-
ment issues may need to be addressed. This report showed that 
6% to 9% of the rice and corn acres have Very Low soil-test Zn 
and neutral to high soil pH and are at high risk of Zn deficiency.
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Table 1. Sample number (includes grid samples) and total acreage by
county for soil samples submitted to the University of Arkansas System Division of
Agriculture’s Soil Testing Laboratory in Marianna from 1 January 2019 through 31 December 2019.
    % of  % of                  % of  % of
 Acres   total No. of total Acres/           Acres       total  No. of total   Acres/
County sampled   acres samples samples sample County           sampled    acres  samples sample  sample
Arkansas 98,975 5 4,346 3 23 Lee 31,980 2 3,156 2 10
Ashley 16,689 1 1,586 1 11 Lincoln 3,436 0 376 0 9
Baxter	 1,159	 0	 344	 0	 3	 Little	River	 9,655	 1	 5,691	 4	 2
Benton 10,157 1 1,846 1 6 Logan 3,937 0 346 0 11
Boone 9,211 0 496 0 19 Lonoke 135,378 7 5,325 3 25
Bradley 816 0 81 0 10 Madison 9,559 1 492 0 19
Calhoun 62 0 13 0 5 Marion 1,804 0 173 0 10
Carroll 9,583 1 592 0 16 Miller 7,963 0 398 0 20
Chicot 6,371 0 202 0 32 Mississippi 4,959 0 1,440 1 3
Clark 5,719 0 305 0 19 Monroe 29,984 2 919 1 33
Clay 34,980 2 17,435 11 2 Montgomery 1,686 0 180 0 9
Cleburne	 6,999	 0	 422	 0	 17	 Nevada	 1,816	 0	 94	 0	 19
Cleveland	 1,184	 0	 124	 0	 10	 Newton	 1,583	 0	 128	 0	 12
Columbia 853 0 138 0 6 Ouachita 668 0 152 0 4
Conway	 8,805	 0	 423	 0	 21	 Perry	 2,380	 0	 152	 0	 16
Craighead	 100,563	 5	 19,159	 13	 5	 Phillips	 3,392	 0	 2,393	 2	 1
Crawford	 4,949	 0	 564	 0	 9	 Pike	 420	 0	 72	 0	 6
Crittenden	 55,230	 3	 14,815	 10	 4	 Poinsett	 47,060	 3	 12,246	 8	 4
Cross	 25,443	 1	 1,105	 1	 23	 Polk	 7,025	 0	 444	 0	 16
Dallas	 313	 0	 48	 0	 7	 Pope	 3,566	 0	 439	 0	 8
Desha	 26,259	 1	 10,574	 7	 2	 Prairie	 17,674	 1	 546	 0	 32
Drew	 8,033	 0	 2,017	 1	 4	 Pulaski	 2,234	 0	 934	 1	 2
Faulkner	 11,818	 1	 842	 1	 14	 Randolph	 22,552	 1	 3,394	 2	 7
Franklin 3,446 0 251 0 14 Saline 2,347 0 1,714 1 1
Fulton	 3,848	 0	 275	 0	 14	 Scott	 1,599	 0	 78	 0	 21
Garland 2,009 0 1,163 1 2 Searcy 1,752 0 172 0 10
Grant	 837	 0	 127	 0	 7	 Sebastian	 1,803	 0	 417	 0	 4
Greene	 29,778	 2	 5,521	 4	 5	 Sevier	 2,851	 0	 153	 0	 19
Hempstead 6,567 0 318 0 21 Sharp 6,432 0 418 0 15
Hot Spring 1,377 0 172 0 8 St. Francis 11,030 1 6,358 4 2
Howard	 6,037	 0	 291	 0	 21	 Stone	 2,280	 0	 280	 0	 8
Independence 2,917 0 393 0 7 Union 1,936 0 366 0 5
Izard 7,238 0 350 0 21 Van Buren 2,097 0 234 0 9
Jackson 32,704 2 4,732 3 7 Washington 15,143 1 1,853 1 8
Jefferson	 57,669	 3	 3,041	 2	 19	 White	 5,839	 0	 954	 1	 6
Johnson	 3,899	 0	 285	 0	 14	 Woodruff	 17,081	 1	 367	 0	 47
Lafayette	 4,751	 0	 782	 1	 6	 Yell	 6,165	 0	 315	 0	 20
Lawrence	 817,175	 44	 4,087	 3	 200	 Sum	 	 	 	 	
	 	 	 	 	 	 	 			or	Avg.	 1,853,489	 	 152,434	 	 14
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Table 2. Sample number and total acreage by geographic area
for soil samples submitted to the University of Arkansas System Division of 
Agriculture’s Soil Testing Laboratory in Marianna from 1 January 2019 through 31 December 2019.
  Acres % of No. of % of Acres/
Geographic area sampled total acres samples total samples sample
1982 Arkansas General Soil Map     
Ozark Highlands - Cherty 
 Limestone and Dolomite 44,402 8 4,457 15 10
Ozark Highlands - Sandstone 
 and Limestone 5,972 1 482 2 12
Boston Mountains 15,790 3 1,175 4 13
Arkansas	Valley	and	Ridges	 23,033	 4	 2,148	 7	 11
Ouachita Mountains 19,106 3 2,381 8 8
Bottom	Lands	and	Terraces	 84,762	 15	 2,774	 10	 31
Coastal	Plain	 19,112	 3	 1,547	 5	 12
Loessial	Plains	 199,368	 35	 4,470	 15	 45
Loessial Hills 4,698 1 595 2 8
Blackland	Prairie	 8	 0	 4	 0	 2
2011 Arkansas General Soil Map     
Ozark Highland 19,979 3 1,517 5 13
Boston Mountains 9,887 2 764 3 13
Arkansas	Valley	and	Ridges,	
	 Eastern	Part	 8,843	 2	 921	 3	 10
Ouachita Mountains 5,381 1 1,681 6 3
Southern Mississippi 
	 River	Alluvium	 56,593	 10	 1,437	 5	 39
Arkansas	River	Alluvium	 13,270	 2	 381	 1	 35
Red	River	Alluvium	 4,280	 1	 254	 1	 17
South	Mississippi	River	Terraces	 23,401	 4	 634	 2	 37
Western	Coastal	Plain	 6,269	 1	 416	 1	 15
South Mississippi Valley Loess 8,412 1 808 3 10
Cretaceous	Western	Coastal	Plain	 760	 0	 75	 0	 10
Sum	or	Average	 573,326	 	 28,921	 	 17
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Table 3. Sample number, total acreage by soil association number (SAN), average acreage per
sample, and median soil pH and Mehlich-3 extractable phosphorus (P), potassium (K), and zinc (Zn) values
by soil association for soil samples submitted to the University of Arkansas System Division of Agriculture's
Soil Testing and Research Laboratory in Marianna from 1 January 2019 through 31 December 2019.
   Acres % of total No. of % of total Acres/ Median
SAN Soil association sampled acres samples samples sample pH P K Zn
 ---------(ppm)---------
1982 Arkansas General Soil Map
	 1.	 Clarksville-Nixa-Noark	 6,036	 1	 320	 1	 19	 6.5	 78	 141	 6.0
 2. Gepp-Doniphan-
	 	 	 Gassville-Agnos	 3,823	 1	 413	 1	 9	 6.7	 51	 118	 6.2
 3. Arkana-Moko 16,041 3 951 3 17 6.4 109 145 9.3
	 4.	 Captina-Nixa-Tonti	 18,440	 3	 2,756	 10	 7	 6.6	 74	 154	 7.3
	 5.	 Captina-Doniphan-Gepp	 0	 0	 0	 0	 0	 0	 0	 0	 0
	 6.	 Eden-Newnata-Moko	 62	 0	 17	 0	 4	 7.0	 67	 109	 5.6
	 7.	 Estate-Portia-Moko	 81	 0	 19	 0	 4	 6.4	 63	 62	 2.2
	 8.	 Brockwell-Boden-Portia	 5,891	 1	 463	 2	 13	 6.4	 31	 102	 3.0
 9. Linker-Mountainburg-
   Sidon 2,102 0 233 1 9 6.3 73 100 4.9
 10. Enders-Nella-Mountainburg-
   Steprock 13,688 2 942 3 15 6.3 78 104 6.1
11.	 Falkner-Wrightsville	 0	 0	 0	 0	 0	 0	 0	 0	 0
12.	 Leadvale-Taft	 11,725	 2	 1,239	 4	 9	 6.3	 46	 109	 5.9
13. Enders-Mountainburg-
   Nella-Steprock 3,440 1 167 1 21 6.3 32 82 2.7
14.	 Spadra-Guthrie-Pickwick	 736	 0	 40	 0	 18	 6.2	 107	 122	 10.0
15. Linker-Mountainburg 7,132 1 702 2 10 6.1 51 95 4.8
16.	 Carnasaw-Pirum-Clebit	 2,264	 0	 170	 1	 13	 6.0	 93	 98	 7.6
17.	 Kenn-Ceda-Avilla	 6,019	 1	 1,009	 3	 6	 6.1	 52	 95	 4.6
18.	 Carnasaw-Sherwood-
   Bismarck 2,814 0 731 3 4 6.2 56 103 4.8
19.	 Carnasaw-Bismarck	 115	 0	 10	 0	 12	 6.0	 22	 106	 2.7
20.	 Leadvale-Taft	 1,014	 0	 167	 1	 6	 6.0	 71	 98	 5.2
21.	 Spadra-Pickwick	 6,880	 1	 294	 1	 23	 6.4	 30	 94	 3.7
22.	 Foley-Jackport-Crowley	 13,794	 2	 371	 1	 37	 6.5	 26	 104	 2.5
23. Kobel 1,171 0 48 0 24 6.8 39 126 2.8
24.	 Sharkey-Alligator-Tunica	14,938	 3	 499	 2	 30	 7.0	 33	 196	 3.6
25. Dundee-Bosket-Dubbs 14,090 2 465 2 30 6.8 27 113 3.6
26. Amagon-Dundee 3,742 1 140 0 27 6.7 49 148 4.4
27. Sharkey-Steele 213 0 6 0 36 6.9 56 116 4.1
28. Commerce-Sharkey-
	 	 	 Crevasse-Robinsonville	 496	 0	 99	 0	 5	 6.8	 51	 100	 11.6
29.	 Perry-Portland	 17,004	 3	 449	 2	 38	 6.4	 36	 128	 3.1
30.	 Crevasse-Bruno-Oklared	 0	 0	 0	 0	 0	 0	 0	 0	 0
31.	 Roxana-Dardanelle-
	 	 	 Bruno-Roellen	 2,463	 0	 118	 0	 21	 6.5	 52	 104	 6.0
32.	 Rilla-Hebert	 13,432	 2	 413	 1	 33	 6.5	 45	 98	 2.2
33.	 Billyhaw-Perry	 443	 0	 12	 0	 37	 5.9	 63	 90	 6.4
34.	 Severn-Oklared	 1,964	 0	 84	 0	 23	 6.6	 53	 85	 5.0
35. Adaton 7 0 7 0 1 6.8 59 97 5.0
continued
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Table 3. Continued.
   Acres % of total No. of % of total Acres/ Median
SAN Soil association sampled acres samples samples sample pH P K Zn
 ---------(ppm)---------
36.	 Wrightsville-Louin-Acadia	 789	 0	 53	 0	 15	 7.2	 26	 97	 4.4
37.	 Muskogee-Wrightsville-
   McKamie 216 0 10 0 22 5.5 30 65 3.3
38.	 Amy-Smithton-Pheba	 185	 0	 53	 0	 3	 5.8	 42	 54	 2.7
39. Darco-Briley-Smithdale 0 0 0 0 0 0 0 0 0
40.	 Pheba-Amy-Savannah	 265	 0	 34	 0	 8	 5.8	 77	 70	 3.9
41. Smithdale-Sacul-
	 	 	 Savannah-Saffell	 7,102	 1	 479	 2	 15	 6.1	 95	 91	 7.0
42.	 Sacul-Smithdale-Sawyer	10,273	 2	 891	 3	 12	 6.2	 55	 88	 4.6
43. Guyton-Ouachita-Sardis 1,287 0 90 0 14 6.2 51 89 4.6
44.	 Calloway-Henry-
   Grenada-Calhoun 85,896 15 2,528 9 34 6.6 26 93 3.1
45.	 Crowley-Stuttgart	 113,472	 20	 1,942	 7	 58	 6.6	 25	 107	 2.8
46. Loring 257 0 51 0 5 6.4 33 79 3.6
47. Loring-Memphis 4,203 1 522 2 8 6.4 35 104 3.6
48. Brandon 238 0 22 0 11 6.3 22 86 2.7
49.	 Oktibbeha-Sumter	 8	 0	 4	 0	 2	 5.4	 8	 19	 5.7
2011 Arkansas General Soil Map           
	 1.	 Rueter-Clarksville-Moko	 4,112	 1	 246	 1	 17	 6.3	 74	 152	 7.4
		2.	 Clarksville-Nixa-
	 	 	 Captina-Jay	 3,771	 1	 563	 2	 7	 6.6	 89	 130	 8.6
	 3.	 Newnata-Eden-Moko-
   Summit 745 0 31 0 24 6.7 67 124 4.7
	 4.	 Alred-Tonti-Gatewood	 8,300	 1	 464	 2	 18	 6.4	 35	 86	 3.7
	 5.	 Alred-Gatewood-Mano-
   Ocie 1,675 0 93 0 18 6.1 47 137 4.8
	 6.	 Gatewood-Moko-Ocie	 0	 0	 0	 0	 0	 0	 0	 0	 0	
	 7.	 Portia-Estate-Moko	 278	 0	 15	 0	 19	 5.6	 78	 89	 4.5
	 8.	 Brockwell-Boden-Portia	 1,098	 0	 105	 0	 10	 6.3	 36	 79	 3.5
 9. Linker-Enders-Steprock-
   Mountainburg-Sidon 2,493 0 168 1 15 6.3 78 108 5.1
10. Enders Nella-Steprock-
   Mountainburg-Linker 7,394 1 596 2 12 6.1 51 82 4.9
11.	 Wrightsville-Sallisaw-
	 	 	 Leadvale	 0	 0	 0	 0	 0	 0	 0	 0	 0
12.	 Leadvale-Taft	 3,506	 1	 428	 1	 8	 6.1	 37	 91	 4.6
13. Enders-Mountainburg-
   Steprock-Nella-Linker 1,521 0 123 0 12 5.9 42 99 3.5
14. Spadra-Guthrie-Barling 316 0 13 0 24 6.0 50 143 13.6
15. Mountainburg-Linker-
   Enders 3,249 1 338 1 10 6.1 43 95 4.8
16.	 Muskogee-Wrightsville-
	 	 	 McKamie-Pickwick	 251	 0	 19	 0	 13	 5.9	 150	 90	 12.3
17.	 Carnasaw-Clebit-
	 	 	 Sherless-Pirum	 3,803	 1	 1,235	 4	 3	 6.1	 46	 130	 5.5
continued
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Table 3. Continued.
   Acres % of total No. of % of total Acres/ Median
SAN Soil association sampled acres samples samples sample pH P K Zn
 ---------(ppm)---------
18.	 Ceda-Kenn-Avilla	 778	 0	 254	 1	 3	 6.1	 56	 101	 4.5
19.	 Leadvale-Cane-Sallisaw	 61	 0	 5	 0	 12	 6.4	 73	 81	 4.1
20.	 Yanush-Avant-Bigfork-
	 	 	 Carnasaw-Bismarck	 739	 0	 187	 1	 4	 6.1	 54	 93	 4.3
21.	 Calhoun-Overcup-
   Amagon 9,054 2 355 1 26 6.4 22 132 3.0
22.	 Kobel-Yancopin	 668	 0	 25	 0	 27	 6.5	 16	 116	 4.5
23. Sharkey-Alligator 2,010 0 101 0 20 6.1 33 166 2.6
24. Dundee-Dubbs-Bosket-
   Sharkey 32,515 6 578 2 56 6.4 31 133 2.9
25. Amagon-Dundee-Sharkey 9,160 2 238 1 38 6.6 26 110 3.3
26. Commerce-Sharkey-
	 	 	 Robinsonville	 581	 0	 7	 0	 83	 6.7	 65	 203	 4.7
27. Sharkey 383 0 3 0 128 5.5 124 111 5.2
28.	 Tuckermann-Bosket	 134	 0	 21	 0	 6	 6.4	 52	 92	 1.5
29.	 Commerce-Robinsonville-
	 	 	 Crevasse	 1,553	 0	 79	 0	 20	 6.2	 35	 142	 2.2
30. Sharkey-Dundee 31 0 2 0 16 5.4 50 47 2.6
31.	 Sharkey-Bowdre-Tunica	 504	 0	 28	 0	 18	 5.6	 62	 149	 5.0
32.	 Perry-Portland-Rilla	 7,765	 1	 206	 1	 38	 6.5	 41	 132	 2.3
33.	 Bruno-Crevasse-
	 	 	 Coushatta-Norwood	 352	 0	 26	 0	 14	 6.2	 61	 89	 7.3
34.	 Roxana-Roellen-
	 	 	 Dardanelle-Crevasse	 3,031	 1	 62	 0	 49	 6.7	 45	 130	 4.0
35.	 Rilla-Hebert-Perry	 2,102	 0	 86	 0	 24	 6.2	 31	 144	 3.3
36.	 Severn-Kiomatia-Choska	 0	 0	 0	 0	 0	 0	 0	 0	 0
37.	 Perry-Portland	 20	 0	 1	 0	 20	 7.3	 85	 216	 3.2
38.	 Billyhaw-Perry-Portland	 166	 0	 17	 0	 10	 5.3	 32	 47	 1.3
39.	 Severn-Kiomatia	 743	 0	 11	 0	 68	 6.9	 42	 178	 3.0
40.	 Severn-Oklared-Billyhaw	 1,286	 0	 29	 0	 44	 6.7	 17	 72	 1.6
41.	 Severn-Norwood-
   Moreland 477 0 107 0 4 6.4 53 73 5.2
42.	 Armistead-Gallion-Perry	 1,566	 0	 87	 0	 18	 5.9	 49	 88	 3.3
43.	 Rilla-Caspiana-Billyhaw-
	 	 	 Perry	 42	 0	 3	 0	 14	 6.5	 25	 96	 3.1
44.	 Dewitt-Stuttgart	 8,236	 1	 272	 1	 30	 6.2	 30	 108	 3.0
45. Ethel-Immanuel-
   Lagrue-Henry 15,159 3 356 1 43 6.1 21 98 1.8
46. Oaklimeter-Immanuel 6 0 6 0 1 7.4 222 97 27.6
47.	 Adaton-Sawyer	 87	 0	 26	 0	 3	 6.6	 24	 77	 3.4
48.	 Wrightsville-McKamie-
   Acadia 30 0 1 0 30 5.7 25 22 1.1
49.	 Amy-Stough-Savannah	 602	 0	 25	 0	 24	 6.1	 112	 169	 8.1
50. Sacul-Warnock-Darley-
   Bibb-Darden 903 0 120 0 8 5.6 55 60 6.0
51. Amy-Stough 3,809 1 122 0 31 5.6 21 67 1.9
continued
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Table 3. Continued.
   Acres % of total No. of % of total Acres/ Median
SAN Soil association sampled acres samples samples sample pH P K Zn
 ---------(ppm)---------
52.	 Smithdale-Savannah-
   Sacul-Amy 178 0 60 0 3 6.1 29 63 3.8
53.	 Sacul-Sawyer-Savannah	 89	 0	 12	 0	 7	 5.7	 36	 61	 3.2
54. Guyton-Amy 28 0 6 0 5 5.9 27 47 2.8
55.	 Sacul-Kullit-Bowie	 10	 0	 1	 0	 10	 6.0	 90	 121	 9.1
56.	 Sacul-Eastwood-Darley	 440	 0	 11	 0	 40	 7.2	 11	 351	 1.3
57.	 Wrightsville-Kolin	 0	 0	 0	 0	 0	 0	 0	 0	 0
58.	 Sawyer-Sacul-Kipvin	 0	 0	 0	 0	 0	 0	 0	 0	 0
59.	 Gladewater-Kaufman-Texark	 0	 0	 0	 0	 0	 0	 0	 0	 0
60.	 Sawyer-Eylau-Sacul-
   Woodtell 93 0 32 0 3 6.0 36 86 3.5
61. Henry-Grenada-
	 	 	 Calloway-Calhoun	 4,991	 1	 385	 1	 13	 6.4	 35	 100	 3.6
62. Loring-Oaklimeter 494 0 25 0 20 6.1 33 66 4.5
63. Loring-Memphis-Collins 2,540 0 369 1 7 6.8 36 118 4.5
64.	 Brandon-Saffell-
   Memphis-Collins 387 0 29 0 13 5.9 22 85 2.0
65. Hillemann-Grubbs-Henry 0 0 0 0 0 0 0 0 0
66.	 Sumter-BIllstown-Japany	 394	 0	 31	 0	 13	 6.6	 46	 106	 5.1
67.	 Peanutrock-Pikecity-
	 	 	 Tiak-Antione	 165	 0	 29	 0	 6	 6.3	 164	 145	 16.3
68.	 Tiak-Antione	 41	 0	 8	 0	 5	 6.0	 25	 47	 2.3
69.	 Guytown-Ocklockonee-
   Sardis 160 0 7 0 23 6.5 14 106 1.8
70.	 Blevins-Tiak-Peanutrock	 0	 0	 0	 0	 0	 0	 0	 0	 0
	Sum	or	Average	 573,326	 	 28,921	 	 17	 5.7	 47	 96	 4.3
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Table 4. Sample number and total acreage by the previous crop grown for soil samples
submitted to the University of Arkansas System Division of Agriculture’s Soil Testing
Laboratory in Marianna from 1 January 2019 through 31 December 2019.
 Acres % of  No. of % of Acres/
Previous crop sampled total acres samples total samples sample
Corn 69,106 9 2,440 6 28
Cotton	 12,013	 2	 1,994	 5	 6
Grain sorghum, non-irrigated 306 0 21 0 15
Grain sorghum, irrigated 1,629 0 65 0 25
Rice	 109,096	 15	 2,755	 7	 40
Soybean 309,768 42 8,949 23 35
Wheat 1,294 0 83 0 16
Cool-season grass hay 4,735 1 288 1 16
Native	warm-season	grass	hay	 2,693	 0	 151	 0	 18
Warm-season grass hay 31,983 4 1,663 4 19
Pasture,	all	categories	 110,562	 15	 5,707	 15	 19
Home garden 3,938 1 3,222 8 1
Turf	 2,520	 0	 855	 2	 3
Home	lawn	 5,285	 1	 4,516	 12	 1
Small	fruit	 671	 0	 519	 1	 1
Ornamental 2,640 0 1,166 3 2
Miscellaneousa 75,857 10 4,511 12 17
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Table 5. The percentage of sampled acres as distributed
within five soil-test levels and median soil chemical property values by geographic area
for soil samples submitted to the University of Arkansas System Division of Agriculture’s
Soil Testing Laboratory in Marianna from 1 January 2019 through 31 December 2019.
 Soil pHa Mehlich-3 soil phosphorusb (ppm)
   5.4– 5.8– 6.3–    16– 26– 36–  
Geographic area      <5.4  5.7 6.2 6.9 >6.9  Mdc    <16 25 35 50 >50 Mdc
  ----- (% of sampled acreage) -----   ---- (% of sampled acreage) ----  (ppm)
1982 Arkansas General Soil Map 
Ozark Highlands - Cherty 
 Limestone and Dolomite 4 9 20 38 29 6.6 6 10 8 11 65 78
Ozark Highlands - Sandstone 
 and Limestone 3 10 28 40 19 6.4 28 14 12 13 33 31
Boston Mountains 7 15 28 35 15 6.3 9 10 7 11 63 76
Arkansas	Valley	and	Ridges	 10	 20	 25	 31	 15	 6.2	 15	 13	 10	 15	 47	 46
Ouachita Mountains 11 19 29 34 7 6.2 10 13 13 13 51 51
Bottom	Lands	and	Terraces	 3	 7	 17	 43	 30	 6.6	 11	 19	 19	 21	 29	 36
Coastal	Plain	 13	 21	 23	 29	 14	 6.1	 11	 10	 9	 13	 57	 61
Loessial	Plains	 6	 10	 17	 32	 35	 6.6	 19	 31	 23	 15	 11	 26
Loessial Hills 8 11 24 33 24 6.4 22 16 14 13 35 34
Blackland	Prairie	 0	 100	 0	 0	 0	 5.4	 100	 0	 0	 0	 0	 8
2011 Arkansas General Soil Map             
Ozark Highland 3 9 26 41 21 6.4 9 12 11 14 55 58
Boston Mountains 9 17 29 29 15 6.2 12 13 9 11 55 57
Arkansas Valley and 
	 Ridges,	Eastern	Part	 12	 19	 31	 28	 11	 6.0	 17	 17	 11	 12	 43	 43
Ouachita Mountains 11 16 31 32 9 6.1 6 13 14 18 48 49
Southern	Mississippi	River	
	 Alluvium	 7	 10	 22	 45	 16	 6.4	 19	 25	 21	 17	 19	 28
Arkansas	River	Alluvium	 4	 9	 22	 43	 22	 6.5	 8	 13	 19	 26	 34	 41
Red	River	Alluvium	 18	 13	 20	 32	 18	 6.2	 21	 15	 11	 9	 44	 40
South	Mississippi	River	
	 Terraces	 6	 19	 29	 36	 10	 6.2	 20	 32	 22	 10	 15	 25
Western	Coastal	Plain	 27	 20	 20	 20	 12	 5.8	 24	 19	 11	 11	 35	 32
South Mississippi Valley Loess 6 7 20 43 24 6.5 16 17 18 21 28 34
Cretaceous Western 
	 Coastal	Plain	 8	 11	 27	 33	 21	 6.3	 13	 13	 7	 12	 55	 65
Average	 8	 18	 23	 33	 17.4	 6.3	 19	 16	 13	 14	 39	 44
continued
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Table 5. Continued.
 Mehlich-3 soil potassiumb (ppm) Mehlich-3 soil zincb (ppm)
  61– 91– 131–    1.6– 3.1–     4.1–  
Geographic area <61 90 130 175 >175 Mdc <1.6 3.0 4.0       8.0 >8.0 Mdc
  ----- (% of sampled acreage) -----  (ppm)  ---- (% of sampled acreage) ----  (ppm)
1982 Arkansas General Soil Map 
Ozark Highlands - Cherty 
 Limestone and Dolomite 9 14 19 20 38 148 4 12 11 28 45 7.4
Ozark Highlands - Sandstone 
 and Limestone 20 24 25 18 14 101 22 30 9 22 18 3.0
Boston Mountains 22 21 21 14 23 104 9 19 11 24 37 5.8
Arkansas	Valley	and	Ridges	 19	 22	 26	 18	 16	 104	 12	 20	 11	 23	 34	 5.3
Ouachita Mountains 18 26 30 13 13 98 6 25 15 27 27 4.6
Bottom	Lands	and	Terraces	 9	 22	 27	 14	 27	 115	 13	 32	 19	 24	 12	 3.4
Coastal	Plain	 32	 20	 20	 12	 16	 88	 11	 21	 14	 21	 33	 5.0
Loessial	Plains	 8	 31	 38	 14	 9	 100	 16	 38	 17	 25	 5	 3.0
Loessial Hills 13 30 26 18 13 99 11 33 12 23 21 3.6
Blackland	Prairie	 100	 0	 0	 0	 0	 19	 0	 0	 0	 75	 25	 5.7
2011 Arkansas General Soil Map             
Ozark Highland 19 19 20 16 26 115 8 18 10 28 37 5.8
Boston Mountains 30 22 18 12 19 87 11 21 9 22 36 5.1
Arkansas	Valley	and	Ridges,	
	 Eastern	Part	 24	 23	 22	 16	 15	 94	 10	 26	 9	 20	 34	 4.6
Ouachita Mountains 11 17 28 24 20 120 4 16 15 38 27 5.2
Southern	Mississippi	River	
	 Alluvium	 7	 15	 29	 23	 26	 129	 13	 39	 18	 21	 10	 3.0
Arkansas	River	Alluvium	 7	 18	 24	 22	 29	 135	 13	 40	 12	 24	 11	 3.0
Red	River	Alluvium	 38	 17	 18	 9	 19	 80	 25	 23	 7	 18	 27	 3.3
South	Mississippi	River
	 Terraces	 13	 25	 33	 12	 17	 104	 26	 43	 11	 10	 11	 2.1
Western	Coastal	Plain	 40	 23	 18	 5	 14	 71	 23	 24	 9	 20	 25	 3.4
South Mississippi Valley Loess 15 23 25 16 21 109 9 28 15 27 21 3.9
Cretaceous Western 
	 Coastal	Plain	 20	 21	 16	 9	 33	 106	 17	 20	 4	 9	 49	 7.3
Average	 23	 21	 23	 15	 19	 101	 12	 25	 11	 25	 26	 4.5
a	Analysis	by	electrode	in	1:2	soil	volume:deionized	water	volume.
b	Analysis	by	inductively	coupled	argon	plasma	spectroscopy	(ICAP)	in	1:10	soil	volume:Mehlich-3	volume.
c Md = median.
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Table 6. The percentage of sampled acres as distributed
within five soil-test levels and median soil chemical property values by county
for soil samples submitted to the University of Arkansas System Division of Agriculture’s
Soil Testing Laboratory in Marianna from 1 January 2019 through 31 December 2019.
 Soil pHa Mehlich-3 soil phosphorusb (ppm)
  5.4–    5.8– 6.3–    16– 26– 36–  
Geographic area        <5.4 5.7      6.2 6.9 >6.9 Mdc <16 25 35 50 >50    Mdc
  ----- (% of sampled acreage) -----  ---- (% of sampled acreage) ----     (ppm)
Arkansas 1 5 14 26 54 7.0 17 26 23 19 14 28
Ashley 1 7 21 40 31 6.7 15 21 31 19 14 29
Baxter 3 4 11 29 53 7.0 8 11 10 9 62 72
Benton 6 9 16 34 34 6.7 4 9 9 14 64 70
Boone 2 6 28 47 17 6.5 4 5 8 15 66 73
Bradley 10 11 11 26 42 6.7 9 11 5 5 70 129
Calhoun 50 14 7 29 0 5.3 29 7 14 14 36 34
Carroll 1 10 25 43 21 6.4 2 4 3 8 84 143
Chicot 2 9 16 35 39 6.8 32 14 8 17 29 30
Clark 21 24 23 23 9 5.9 23 19 14 10 33 30
Clay 3 6 17 56 18 6.6 16 20 18 20 27 33
Cleburne 11 15 25 38 10 6.2 12 15 10 10 52 54
Cleveland	 26	 22	 20	 29	 3	 5.9	 23	 6	 2	 4	 66	 124
Columbia 20 14 21 38 8 6.2 17 12 7 13 52 55
Conway	 15	 16	 25	 32	 12	 6.2	 15	 12	 8	 10	 55	 60
Craighead 2 5 14 53 26 6.6 8 14 17 24 37 42
Crawford	 9	 14	 23	 31	 23	 6.3	 13	 17	 12	 16	 42	 42
Crittenden	 5	 7	 14	 41	 34	 6.7	 11	 25	 25	 21	 19	 31
Cross 4 6 13 38 39 6.7 16 28 24 15 17 28
Dallas 35 25 21 17 2 5.5 15 8 19 19 40 43
Desha 2 6 14 44 34 6.7 19 16 16 19 29 35
Drew	 3	 3	 7	 41	 46	 6.9	 6	 18	 25	 25	 26	 36
Faulkner 13 19 26 30 13 6.1 18 18 11 14 39 38
Franklin 6 21 38 29 7 6.1 10 14 12 13 50 51
Fulton 5 13 29 36 17 6.3 17 27 19 13 24 28
Garland 9 15 33 36 6 6.2 6 12 13 16 54 54
Grant 17 18 33 27 6 6.1 15 10 4 12 59 56
Greene 3 10 22 46 20 6.5 19 20 17 18 26 32
Hempstead 12 22 31 21 14 6.0 10 9 7 14 60 61
Hot Spring 20 33 27 17 3 5.8 24 20 9 9 38 30
Howard	 11	 19	 29	 24	 18	 6.2	 13	 3	 2	 3	 79	 185
Independence 17 14 24 33 12 6.1 11 12 13 16 49 49
Izard 3 10 28 49 10 6.4 13 13 10 8 57 61
Jackson 2 7 22 49 20 6.5 24 20 16 16 23 29
Jefferson	 7	 9	 19	 44	 21	 6.5	 5	 12	 18	 28	 38	 43
Johnson 7 23 31 27 13 6.1 18 13 9 14 46 46
Lafayette	 5	 5	 7	 29	 54	 7.0	 23	 28	 16	 14	 19	 25
Lawrence	 1	 7	 21	 46	 25	 6.6	 19	 30	 23	 16	 12	 26
Lee 3 8 16 57 16 6.6 4 12 23 33 29 40
Lincoln 4 11 20 40 24 6.5 7 11 21 24 36 41
Little	River	 2	 7	 22	 47	 22	 6.5	 7	 17	 21	 26	 29	 38
Logan 6 21 36 32 5 6.1 15 13 10 7 55 59
continued
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Table 6. Continued.
 Soil pHa Mehlich-3 soil phosphorusb (ppm)
  5.4–    5.8– 6.3–    16– 26– 36–  
Geographic area         <5.4 5.7      6.2 6.9 >6.9  Mdc <16 25 35 50 >50 Mdc
  ----- (% of sampled acreage) -----  ---- (% of sampled acreage) ----  (ppm)
Lonoke 7 17 26 40 11 6.3 34 29 16 10 12 21
Madison 2 9 32 40 17 6.3 3 6 7 8 76 123
Marion 6 16 21 24 33 6.5 6 9 12 13 61 69
Miller 15 17 22 21 24 6.1 11 16 13 16 44 43
Mississippi 2 4 13 63 19 6.6 9 18 19 19 34 38
Monroe 18 14 14 37 18 6.4 23 27 18 16 16 26
Montgomery 32 19 22 19 9 5.8 4 8 18 14 56 69
Nevada	 6	 22	 28	 22	 21	 6.1	 15	 13	 9	 10	 54	 60
Newton	 2	 17	 26	 37	 19	 6.3	 12	 9	 9	 18	 53	 51
Ouachita 17 24 24 29 7 6.0 15 13 6 10 57 66
Perry	 13	 24	 32	 30	 2	 5.9	 13	 16	 10	 17	 45	 44
Phillips	 2	 3	 7	 47	 42	 6.9	 4	 14	 20	 27	 34	 41
Pike	 17	 32	 26	 18	 7	 5.8	 13	 7	 6	 8	 67	 78
Poinsett	 1	 3	 11	 50	 36	 6.8	 6	 16	 19	 26	 32	 40
Polk	 16	 27	 30	 22	 6	 6.0	 4	 7	 6	 9	 75	 110
Pope	 10	 20	 27	 27	 16	 6.2	 13	 13	 8	 13	 53	 57
Prairie	 10	 10	 15	 39	 26	 6.6	 23	 29	 19	 19	 11	 25
Pulaski	 14	 11	 23	 35	 17	 6.3	 9	 9	 11	 12	 59	 66
Randolph	 1	 4	 23	 56	 16	 6.5	 13	 25	 25	 19	 18	 30
Saline 12 16 29 33 10 6.2 9 16 16 12 47 42
Scott	 9	 18	 32	 29	 12	 6.2	 10	 10	 5	 10	 64	 100
Searcy 8 14 26 38 15 6.3 12 11 16 16 45 45
Sebastian	 14	 17	 22	 28	 19	 6.2	 12	 13	 10	 14	 51	 53
Sevier	 12	 22	 20	 33	 12	 6.2	 20	 8	 14	 12	 46	 43
Sharp 1 7 22 46 24 6.5 22 16 12 11 39 35
St. Francis 5 10 16 44 24 6.6 4 16 20 24 36 41
Stone 6 12 22 31 29 6.5 7 10 5 12 65 74
Union 19 15 17 35 14 6.3 10 10 11 15 54 3
Van Buren 7 24 29 27 14 6.1 8 12 10 16 55 55
Washington 3 7 20 40 30 6.6 5 11 7 10 67 86
White  11 21 4 30 34 6.1 18 12 11 15 44 45
Woodruff	 5	 7	 19	 52	 18	 6.6	 26	 18	 14	 21	 23	 31
Yell	 9	 23	 29	 25	 13	 6.1	 10	 7	 13	 12	 58	 60
Average	 9	 15	 22	 35	 19	 6.3	 12	 13	 13	 15	 47	 52
 Mehlich-3 soil potassiumb (ppm) Mehlich-3 soil zincb (ppm) 
  61–     91–      131–      1.6– 3.1– 4.1–  
County <61 90       130      175    >175     Mdc <1.6 3.0 4.0 8.0 >8.0 Mdc
 ----- (% of sampled acreage)-----    (ppm)  ---- (% of sampled acreage) ----  (ppm)
Arkansas 4 25 38 17 17 110 4 30 26 36 4 3.8
Ashley 4 9 12 15 60 213 12 51 24 9 4 2.6
Baxter 6 16 27 21 31 133 4 8 9 27 51 8.3
Benton 6 11 21 24 37 154 2 9 11 34 45 7.4
Boone 11 12 15 19 43 158 2 15 12 28 43 6.7
Bradley 23 17 23 14 22 105 14 9 5 15 58 10.5
continued
19
  Wayne E. Sabbe Arkansas Soil Fertility Studies 2020
Table 6. Continued.
 Mehlich-3 soil potassiumb (ppm) Mehlich-3 soil zincb (ppm) 
  61–     91– 131–      1.6– 3.1– 4.1–  
County <61 90       130 175     >175    Mdc <1.6 3.0 4.0 8.0 >8.0   Mdc
 ----- (% of sampled acreage)-----    (ppm) -----(% of sampled acreage)-----   (ppm)
Calhoun 36 36 21 0 7 66 43 14 14 7 21 2.2
Carroll 8 10 14 16 52 184 3 7 5 17 69 13.0
Chicot 8 11 12 12 57 203 10 39 14 21 17 3.1
Clark 37 26 16 8 12 75 28 34 11 14 13 2.2
Clay 10 18 31 24 16 118 11 36 19 29 5 3.2
Cleburne 27 24 21 12 15 88 19 21 9 17 35 4.3
Cleveland	 35	 18	 18	 12	 18	 86	 15	 10	 8	 15	 52	 8.5
Columbia 51 21 16 5 7 58 16 20 17 27 20 4.1
Conway	 18	 20	 22	 18	 21	 108	 12	 17	 10	 28	 33	 5.6
Craighead 5 12 25 28 30 144 8 33 23 29 7 3.5
Crawford	 15	 20	 29	 21	 15	 111	 4	 17	 13	 28	 38	 6.2
Crittenden	 3	 9	 15	 16	 56	 193	 10	 36	 27	 24	 2	 3.2
Cross 21 31 25 10 13 89 12 33 15 33 7 3.4
Dallas 58 10 13 13 6 49 25 25 8 21 21 3.0
Desha 12 20 27 15 26 117 11 28 16 31 13 3.8
Drew	 7	 17	 23	 16	 36	 134	 9	 29	 15	 37	 10	 4.0
Faulkner 17 26 25 14 18 101 15 30 12 21 22 3.6
Franklin 21 13 27 21 18 110 6 23 14 23 35 5.6
Fulton 18 28 25 11 17 95 17 36 14 17 15 2.9
Garland 13 27 34 15 11 101 4 26 17 30 23 4.5
Grant 49 22 10 3 16 62 20 25 12 22 20 3.2
Greene 5 21 32 26 15 120 13 39 20 26 2 3.0
Hempstead 21 22 21 15 21 104 11 21 11 30 27 4.6
Hot Spring 47 20 18 10 5 63 27 30 8 12 24 2.6
Howard	 18	 12	 16	 12	 42	 143	 8	 11	 4	 12	 65	 18.0
Independence 22 27 26 12 13 91 31 17 11 19 21 3.3
Izard 23 21 28 15 13 100 19 21 9 20 31 4.2
Jackson 12 23 38 19 9 105 22 40 15 19 5 2.6
Jefferson	 7	 19	 25	 19	 30	 128	 15	 39	 18	 21	 6	 2.9
Johnson 20 25 24 13 18 96 12 18 14 23 33 4.9
Lafayette	 3	 5	 15	 11	 66	 240	 33	 56	 4	 4	 4	 1.8
Lawrence	 13	 25	 34	 18	 10	 103	 10	 37	 18	 25	 9	 3.2
Lee 5 10 25 23 37 149 31 39 15 13 2 2.1
Lincoln 17 26 21 16 20 105 18 44 16 13 8 2.5
Little	River	 3	 10	 37	 24	 25	 130	 14	 39	 20	 24	 3	 3.0
Logan 16 25 22 16 21 103 10 26 7 23 35 5.1
Lonoke 15 30 31 12 13 97 33 41 11 12 3 2.0
Madison 17 17 17 15 34 129 2 11 7 27 53 8.8
Marion 12 16 16 19 38 145 7 18 10 23 41 6.3
Miller 29 21 20 10 21 91 12 27 13 21 26 3.9
Mississippi 6 15 26 25 27 133 6 45 21 27 2 3.1
Monroe 7 27 32 20 13 108 20 45 16 17 2 2.5
Montgomery 17 27 22 18 16 98 4 13 18 26 39 5.7
Nevada	 27	 14	 19	 16	 24	 105	 9	 14	 13	 24	 40	 6.8
Newton	 22	 16	 2	 15	 45	 117	 11	 36	 11	 23	 19	 3.6
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Table 6. Continued.
 Mehlich-3 soil potassiumb (ppm) Mehlich-3 soil zincb (ppm) 
  61–     91– 131–      1.6– 3.1– 4.1–  
County <61 90       130 175    >175     Mdc <1.6 3.0 4.0 8.0 >8.0    Mdc
  ----- (% of sampled acreage) -----   (ppm) -----(% of sampled acreage)-----     (ppm)
Ouachita 46 22 20 6 7 67 18 16 7 23 35 5.2
Perry	 29	 25	 22	 10	 14	 86	 8	 25	 17	 32	 18	 4.1
Phillips	 2	 14	 37	 33	 14	 107	 31	 43	 16	 11	 -1	 2.0
Pike	 51	 17	 8	 8	 15	 59	 19	 28	 11	 14	 28	 3.4
Poinsett	 3	 11	 16	 16	 54	 186	 6	 34	 29	 25	 6	 3.4
Polk	 25	 22	 19	 14	 20	 99	 7	 17	 9	 22	 44	 6.8
Pope	 23	 20	 22	 17	 17	 98	 14	 18	 9	 22	 37	 5.4
Prairie	 8	 33	 34	 11	 15	 98	 23	 34	 15	 24	 4	 2.7
Pulaski	 16	 24	 26	 16	 18	 102	 7	 14	 7	 25	 48	 7.8
Randolph	 9	 24	 38	 18	 11	 107	 5	 17	 15	 48	 16	 4.9
Saline 13 17 29 22 18 116 4 19 16 40 21 4.1
Scott	 18	 17	 17	 15	 33	 128	 4	 13	 5	 18	 60	 11.0
Searcy 19 22 23 21 15 104 18 33 14 19 16 3.1
Sebastian	 15	 20	 30	 21	 14	 109	 4	 14	 8	 27	 46	 7.6
Sevier	 40	 16	 16	 10	 18	 78	 16	 23	 7	 22	 33	 4.5
Sharp 20 26 23 17 14 98 23 27 8 22 20 3.2
St. Francis 2 12 23 20 43 159 30 49 12 9 1 2.0
Stone 22 26 19 14 19 95 8 25 13 22 33 5.1
Union 41 20 19 14 5 70 5 24 17 25 28 4.9
Van Buren 29 25 22 8 16 87 18 23 12 21 26 3.8
Washington 11 15 19 18 37 143 2 12 11 28 47 7.7
White  33 21 19 12 14 85 17 25 12 22 24 3.8
Woodruff	 17	 24	 34	 16	 10	 101	 9	 44	 25	 21	 2	 3.0
Yell	 22	 23	 24	 13	 18	 95	 4	 17	 12	 30	 38	 6.1
Average	 20	 20	 23	 16	 20	 105	 12	 25	 13	 24	 26	 4.8
a	Analysis	by	electrode	in	1:2	soil	volume:deionized	water	volume.
b	Analysis	by	inductively	coupled	argon	plasma	spectroscopy	(ICAP)	in	1:10	soil	volume:Mehlich-3	volume.
c Md = median. 
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Table 7. The percentage of sampled acres as distributed
within five soil-test levels and median soil chemical property values by the previous crop
grown for soil samples submitted to the University of Arkansas System Division of Agriculture’s
Soil Testing Laboratory in Marianna from 1 January 2019 through 31 December 2019.
 Soil pHa Mehlich-3 soil phosphorusb (ppm)
  5.4– 5.8– 6.3–    16– 26– 36–  
Previous crop     <5.4 5.7 6.2 6.9 >6.9   Mdc   <16 25 35 50 >50 Mdc
  ----- (% of sampled acreage) -----   ---- (% of sampled acreage) ----  (ppm)
Corn 3 8 20 44 25 6.5 8 18 22 25 28 37
Cotton	 2	 10	 18	 51	 19	 6.6	 5	 8	 15	 24	 48	 49
Grain sorghum, non-irrigated 5 0 29 48 19 6.4 0 14 14 24 48 43
Grain sorghum, irrigated 0 8 8 22 63 7.3 6 18 22 31 23 37
Rice	 5	 8	 14	 42	 31	 6.7	 29	 33	 21	 12	 5	 21
Soybean 2 6 17 41 33 6.7 14 27 25 21 14 29
Wheat 2 12 12 53 20 6.6 8 36 12 20 23 30
Cool-season grass hay 7 16 28 40 9 6.2 8 16 13 11 53 53
Native	warm-season	grass	hay	 14	 27	 31	 23	 5	 6.0	 27	 25	 11	 10	 27	 24
Warm-season grass hay 10 20 29 34 7 6.1 15 13 11 12 48 47
Pasture,	all	categories	 9	 17	 31	 35	 8	 6.2	 13	 7	 10	 11	 59	 58
Home garden 3 6 13 32 46 6.9 4 4 4 7 81 148
Turf	 11	 21	 31	 29	 8	 6.1	 7	 13	 9	 13	 58	 60
Home	lawn	 13	 16	 28	 33	 10	 6.2	 8	 14	 15	 18	 45	 45
Small	fruit	 13	 16	 29	 29	 13	 6.1	 8	 10	 7	 13	 62	 71
Ornamental 8 10 15 33 34 6.7 13 10 10 12 55 59
Average	 7	 12	 21	 35	 22	 6.5	 11	 17	 15	 18	 42	 51
 Mehlich-3 soil potassiumb (ppm) Mehlich-3 soil zincb (ppm)
    61– 91– 131–       1.6– 3.1–    4.1–  
Previous crop    <61  90 130 175 >175 Mdc   <1.6 3.0 4.0      8.0 >8.0  Mdc
  ----- (% of sampled acreage) -----  (ppm)  ---- (% of sampled acreage) ----   (ppm)
Corn 9 25 35 17 14 107 9 30 17 31 13 3.8
Cotton	 7	 13	 17	 16	 47	 165	 21	 34	 11	 26	 8	 2.8
Grain sorghum, non-irrigated 24 29 33 10 5 83 14 57 5 14 10 2.3
Grain sorghum, irrigated 12 15 23 11 38 130 5 60 20 8 8 2.5
Rice	 10	 27	 27	 11	 25	 107	 14	 45	 19	 19	 4	 2.7
Soybean 6 24 33 15 21 111 12 39 19 26 3 3.0
Wheat 10 29 35 11 16 98 28 40 16 8 8 2.3
Cool-season grass hay 30 27 18 11 14 82 12 21 15 28 24 4.4
Native	warm-season	grass	hay	 34	 21	 25	 9	 13	 84	 23	 25	 18	 23	 11	 3.3
Warm-season grass hay 40 24 17 9 9 72 16 25 11 21 26 3.9
Pasture,	all	categories	 21	 20	 20	 15	 24	 107	 11	 21	 10	 22	 35	 5.2
Home garden 8 13 19 18 42 152 4 8 5 17 66 13.8
Turf	 34	 18	 18	 12	 18	 88	 10	 20	 15	 28	 26	 4.6
Home	lawn	 10	 20	 33	 21	 16	 113	 4	 19	 15	 38	 23	 5.1
Small	fruit	 14	 24	 29	 18	 16	 103	 9	 23	 10	 23	 35	 5.4
Ornamental 20 25 24 16 15 97 7 10 7 27 49 7.8
Average	 18	 26	 32	 23	 21	 106	 12	 28	 13	 22	 22	 4.6
a	Analysis	by	electrode	in	1:2	soil	volume:deionized	water	volume.
b	Analysis	by	inductively	coupled	argon	plasma	spectroscopy	(ICAP)	in	1:10	soil	volume:Mehlich-3	volume.
c Md = median.
  AAES Research Series 675
22
Table 8. The percentage of sampled acres as distributed
within three soil-test pH ranges and five soil-test zinc (Zn) for selected previous crop
groups summarized from soil samples submitted to the University of Arkansas System Division of
Agriculture’s Soil Testing Laboratory in Marianna from 1 January 2019 through 31 December 2019.
 Soil pHa
Previous Crop Soil-test level Soil-test zincb <6.0 6.0–7.2 >7.2
 (ppm)  ------- ( % of sampled acreage) -------
Corn	or	grain	sorghum	 Very	Low	 <1.6	 2.6	 5.6	 0.9
	 Low	 1.6–3.0 7.1 25.5 6.2
 Medium 3.1–4.0 3.0 10.3 2.4
	 Optimum	 4.1–8.0 1.0 6.4 1.1
	 Above	optimum	 >8.0	 1.9	 23.5	 2.5
     
Cotton	 Very	Low	 <1.6	 7.7	 12.7	 0.6
	 Low	 1.6–3.0 5.4 26.8 1.4
 Medium 3.1–4.0 2.3 8.2 1.0
	 Optimum	 4.1–8.0 2.5 19.5 4.2
	 Above	optimum	 >8.0	 0.5	 6.7	 0.5
     
Rice	 Very	Low	 <1.6	 4.6	 7.3	 2.0
	 Low	 1.6–3.0 8.9 28.4 7.9
 Medium 3.1–4.0 2.1 13.5 2.9
	 Optimum	 4.1–8.0 0.9 13.6 4.2
	 Above	optimum	 >8.0	 0.1	 1.1	 2.5
     
Soybean	 Very	Low	 <1.6	 3.2	 8.3	 0.8
	 Low	 1.6–3.0 6.1 26.8 6.1
 Medium 3.1–4.0 2.1 12.9 4.4
	 Optimum	 4.1–8.0 1.8 17.0 7.3
	 Above	optimum	 >8.0	 0.4	 1.4	 1.4
     
Cool-	and	warm-	 Very	Low	 <1.6	 8.2	 7.8	 0.2
	 season	hay	 Low	 1.6–3.0 11.0 13.0 0.6
 Medium 3.1–4.0 4.9 6.7 0.8
	 Optimum	 4.1–8.0 8.1 13.5 0.8




Bermudagrass Forage Yield, Nutrient Uptake, and Soil Nutrient Status in 
Response to Phosphorus and Potassium Fertilization
M.B. Bertucci,1 D. Philipp,2 R.T. Rhein,2 G.L. Drescher,3 and A. D. Smartt3
Abstract
Hay production removes vegetative material and the compositional nutrients of that material from a site. If soil nutri-
ents are not replenished with soil amendments or fertilizers, nutrient deficiencies will develop, affecting forage yield 
and quality. Field studies were conducted to monitor the effects of varying rates of phosphorus (P) and potassium (K) 
fertilizers on bermudagrass (Cynodon dactylon L.) productivity. Two pairs of P-rate and K-rate trials were initiated in 
separate fields in Batesville, Ark., and in Fayetteville, Ark. Each experiment had a randomized complete block design 
with five replicates. In P-rate trials, triple superphosphate was applied at rates of 0, 30 (× 1), 60 (30 × 2), 90 (30 × 3), 
120 (40 × 3), and 150 (50 × 3) lb P2O5/acre with split applications applied at green-up (× 1), following harvest 1 (× 2), 
and following harvests 1 and 2 (× 3). In the K-rate trial, muriate of potash was applied at rates of 0, 70 (35 × 2), 150 
(50 × 3), 225 (75 × 3), 300 (100 × 3), and 375 (125 × 3) lb K2O/acre, using previously defined timings of applications. 
All trials were initiated in 2019 and repeated in 2020, except for the P-rate trial in Batesville. Hay yield and forage 
nutrients concentration were evaluated at each harvest. There was no significant effect of fertilizer-P and -K rates on 
forage yield at either location, suggesting sufficient soil-P and -K availability to maintain yields in all treatments. Soil-
test K was affected by fertilizer-K rate and reflected the total K removal in plant biomass while soil-test P changed at 
Fayetteville, but no differences in P removal occurred. Suboptimal P and K fertilization may result in yield reductions 
in subsequent growing seasons as soil-P and -K levels are depleted. It is critical to continue evaluating P and K fer-
tilization rate's effect on yields, nutrient removal, and soil nutrient levels to fine-tune P and K recommendations for 
bermudagrass hay production.
1 Assistant Professor, Department of Horticulture, Fayetteville. 
2 Associate Professor and Farm Foreman, respectively, Department of Animal Science, Fayetteville. 
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Introduction
In Arkansas, there are 1.3 million acres of hayland produc-
tion, with an additional 3.2 million acres of pasture (USDA-
NASS, 2017). Thus, decisions regarding soil nutrient manage-
ment in forage production will affect more acres than any other 
agricultural commodity crop in the state. Surveys indicate that 
the majority of southern pastures and hayland are not regularly 
soil tested and that, of the tested acres, many are deficient in 
critical soil nutrients (Ball et al., 2015). Further, hayland acres 
are commonly not fertilized annually. Among the essential nu- 
trients for proper plant growth, special attention is given to 
phosphorus (P) and potassium (K) due to their importance in 
plant physiological processes. Phosphorus is involved in essen-
tial plant functions, including energy transfer, photosynthesis, 
and nutrient movement within the plant, while K has a major 
role in photosynthesis, water regulation, enzyme activation, and 
protein synthesis (Marschner, 2012). With the large amount of 
aboveground biomass removed from each site, soil-test P and 
K values might decline over time, and deficiencies can develop 
if the nutrient removal is not replaced with adequate fertilizer 
rates.
This project was designed to monitor yield responses 
associated with application rates of fertilizer-P and -K and to 
further assess forage nutrient capture using forage samples at 
each harvest. Too little of either P or K fertilizer could stress the 
system as nutrients in hay are removed from the field but never 
replaced. In contrast, excess application of either P or K fertil-
izer could result in unnecessary expenditures with no benefits to 
bermudagrass hay yields or forage quality. Thus, the objective 
of this study is to compare the hay yields, nutrient uptake, and 
soil nutrient concentrations and to develop optimal fertilizer rec-
ommendations for bermudagrass hay production in Arkansas.
Procedures
Field studies were initiated in the spring of 2019 and re-
peated in 2020 to evaluate the effects of P and K fertilization 
on bermudagrass hay yields, nutrient removal, and soil nutrient 
content. Trials were located in Fayetteville, Ark., at the Milo 
J. Shult Agricultural Research and Extension Center on a soil 
mapped as a Pickwick silt loam and in Batesville, Ark., at the 
Livestock & Forestry Research Station on a soil mapped as a 
Peridge silt loam. Visual inspection of each site in spring 2019 
determined both exhibited uniform stands of bermudagrass. 
Each selected site was managed uniformly with no history of 
fertilization experiments. Records indicate that ‘Greenfield’ 
bermudagrass was sprigged at the SAREC site in 2012 and that 
‘Hardie’ bermudagrass was sprigged at the Batesville site in 
1984. Trials were repeated in each location in 2020, with the 
plots receiving identical fertility treatments from 2019.
Prior to fertilizer treatment applications in each year, com-
posite soil samples were collected from a 0- to 4-in. depth in 
each plot, with each composite sample composed of five 1-in.-
wide cores. Soils were dried at 150 °F, crushed to pass through a 
sieve with 2-mm diameter openings, and analyzed for water pH 
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(1:2 soil weight:water volume ratio) (Sikora and Kissel, 2014). 
Plant-available nutrients were extracted using the Mehlich-3 
method (Zhang et al., 2014) and the nutrient concentrations of 
extracts were determined using inductively coupled plasma 
atomic emission spectrophotometry (Spectro Arcos, Spectro 
Arcos models 130 or 160) (Table 1). Selected P and K rates for 
this experiment were informed using results from a previously 
executed study published by Slaton et al. (2011). Mehlich-3 
plant-available nutrients for each location were presented by 
Bertucci et al. (2020), but relevant soil Mehlich-3 extractable 
P and K values from 2019 are presented again for context. Be-
cause soil-test P and K values were expected to vary in response 
to each of their respective fertilizer-rate treatments, soil-test 
P and K from 2020 were not presented as bulked averages in 
Table 1, for their respective trials. 
In the K-rate trial, fertilizer K was applied over two to 
three applications to reach cumulative season-total rates. Mu-
riate of potash (62% K2O) was applied at rates of 0, 70 (35 × 
2), 150 (50 × 3), 225 (75 × 3), 300 (100 × 3), and 375 (125 × 
3) lb K2O/acre, with split applications occurring at green-up, 
following the first harvest and following the second harvest. 
This trial was conducted at two sites, and environmental differ-
ences affected the timing of fertilizer applications. Therefore, 
fertilizer applications during green-up and following the first 
harvest and second harvest occurred on 20 April, 15 July, and 
17 August at Fayetteville, and 21 April, 16 July, and 25 August 
at Batesville, respectively. A blanket application of 100 lb/acre 
of triple superphosphate (46% P2O5) was applied at green-up, 
for a season total of 46 lb P2O5/acre. Nitrogen fertilizer (granu-
lated urea, 46% N) was applied at 100 lb urea/acre in three split 
applications including at green-up, after the first harvest, and 
after the second harvest, for a season total of 138 lb N/acre. 
In the P-rate trial, fertilizer P was applied over two to three 
applications to reach the cumulative season-total rates. Triple 
superphosphate was applied at rates of 0, 30 (× 1), 60 (30 × 2), 
90 (30 × 3), 120 (40 × 3), and 150 (50 × 3) lb P2O5/acre, with 
split applications occurring at the same dates and timings as 
the K rate trial for each respective site. A blanket application 
of 150 lb muriate of potash/acre was applied at green-up for a 
total of 93 lb K2O/acre. Similar to the K-rate trial, 100 lb urea/
acre was applied at green-up, after the first harvest, and after 
the second harvest, for a season total of 138 lb N per acre. A 
mistake in the datasheets for the 2020 Batesville trial resulted in 
the incorrect plots receiving P-fertility treatments. Thus, forage 
yields and foliar nutrient status are not presented for that site; 
though, soil data collected before the 2020 growing season are 
still appropriate and reported.
Fertilizer treatments were applied by hand to ensure no 
contamination between plots. Treatment fertilizers were pre-
weighed and broadcast by hand in each plot (10 ft × 24 ft, 240 
sq ft) at the previously disclosed timings. Blanket fertility ap-
plications were pre-weighed for the entire experimental area 
of each trial and each site (7,200 sq ft) and broadcast in two 
directions, using a hand-cranked rotary spreader. 
Plots were harvested using a self-propelled sickle-bar 
mower, adjusted to a 2.0- to 2.5-in. cutting height. The harvested 
area was calculated using the width of the mower blade (3.8 ft) 
multiplied by the distance cut within each plot. Operators cut 
plots to approximately 20 feet within each plot, and plot lengths 
were recorded for each plot after each harvest to calculate the 
harvested area. The fresh weight of harvested biomass was col-
lected immediately after each cutting. Samples (~500 g) were 
collected from each plot, weighed fresh, then dried at 150 °F 
and weighed to determine moisture content. Hay yields in this 
summary are all reported as dry matter yields. Hay yield totals 
were calculated by summing dry matter yields per harvested 
area from each harvest within a season.
Each fertility study was conducted as a 2 × 6 factorial with 
two locations and six fertilizer treatments. At each site, plots 
were arranged in a randomized complete block design with 
five replications. As designed, fixed effects included fertility 
treatment, location, and the interaction of fertility with loca-
tion, while rep nested within location was treated as a random 
effect. Forage yield data from individual harvests and the season 
total were subjected to analysis of variance (ANOVA) using 
the GLIMMIX procedure in SAS v. 9.4 (SAS Institute, Cary, 
N.C.). Forage yield data from 2020 were analyzed separately by 
harvest and summed to analyze total harvest. Means associated 
with fertilizer treatments at each location were of greater interest 
than combined means across locations; thus, separate ANOVA 
was conducted and reported for each location, despite a lack of 
a significant interaction between main effects of fertilizer and 
location (data not shown). Means were separated using Fisher’s 
protected least significant difference at an α = 0.05 significance 
level. Residual panels were observed, and it was determined 
that no transformations were necessary for the data set to meet 
the ANOVA assumptions of normality. 
Results and Discussion
In K-rate trials, Mehlich-3 extractable soil K increased in 
Batesville and Fayetteville as K rate increased (Table 2). In 
Fayetteville, a clear pattern is detectable in 2020, with soil-test 
K increasing as the fertilizer-K rate increased. In Batesville, 
the trend is less pronounced, and some reordering occurred at 
intermediate K rates. From 2019 to 2020, soil-test K decreased 
in response to the 0 and 70 lb K2O/acre rates in Fayetteville. 
This pattern was not observed in Batesville, despite similar 
soil-test K in 2019 and identical K-rate treatments. Across 
both sites and compared to the no-K control treatment, soil-
test K generally increased in response to the 150, 225, 300, 
and 375 lb K2O/acre rates. Interestingly, no significant effect 
of fertilizer-K rate was observed for total bermudagrass hay 
yield at either location (Table 3). There were no statistical dif-
ferences observed among yields at any harvest in either location 
during the 2020 growing season. In 2019, plots receiving no 
K produced numerically smaller yields than plots fertilized 
with any K rate (Bertucci et al., 2019). However, 2019 yields 
were not statistically significant, and the numerical trend was 
not observed in 2020. These results suggest that soil K was 
available in sufficient quantities to maintain hay yields in all 
fertility treatments. Lower fertilizer-K rates and the no-K con-
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trol will likely experience a reduction in yield in subsequent 
growing seasons as soil K is depleted, especially if the trend 
in Fayetteville continues (Table 2). 
Unfortunately, P fertility treatments were misapplied in 
Batesville, requiring yield data to be excluded for that site. 
However, soil samples were collected before 2020 fertilizer 
applications, so Mehlich-3 extractable P is presented for both 
sites (Table 2). In Fayetteville, soil-test P in 2020, compared to 
the values from 2019, decreased numerically in response to the 
untreated and 30 lb P2O5/acre treatments. All other fertilizer-P 
rates increased soil-test P, compared to 2019 values (Table 2). In 
Batesville, soil-test P did not change in response to P-fertilizer 
rates, and soil-test P decreased numerically from 2019 to 2020 
across all treatments. Similar to the K-rate trials, no significant 
effect of fertilizer-P rate was observed on total bermudagrass 
hay yields in Fayetteville (Table 4). Yield data suggest soil-test 
P was sufficient to maintain yields, regardless of the applied 
fertilizer-P treatment (Table 2). Of the two tested nutrients, the 
addition of fertilizer K resulted in a larger numerical effect on 
dry matter yield. However, total yields were stable among all 
trials indicating that soil-test P and K levels were sufficient to 
mask the effects of the fertilizer-P or -K rates that were less 
than crop P or K removal in the first year of study.
Bermudagrass forage-K concentration increased as the 
fertilizer-K rate generally increased to 225 lb K2O/acre and 
then plateaued across all harvests and locations (Table 5). The 
total lb K2O/acre removed with bermudagrass hay increased 
as the fertilizer-K rate increased to 225 lb K2O/acre and then 
plateaued. Thus, plots receiving the greatest fertilizer-K rates 
accumulated the highest concentration of foliar K and removed 
the largest amounts of K in the harvested hay. However, no yield 
increase was observed in response to the higher fertilizer-K 
rates. Therefore, much of the fertilizer K applied, especially 
at the higher rates (e.g., 225 to 375 lb/acre), resulted in luxury 
consumption removing K in the harvested forage without any 
yield benefit. The season-total forage recovery of the applied 
fertilizer-K in the 2020 treatments declined numerically from 
52% to 24% at Fayetteville and 85% to 33% at Batesville as 
fertilizer-K rate increased.  
Bermudagrass forage-P concentration was not affected by 
the fertilizer-P rate (Table 6). No significant differences were 
observed in forage-P concentrations at any harvest, and total 
P removal was not affected by fertilizer-P rate. The season-
total recovery of the applied fertilizer-P by forage, calculated 
by difference, suggested that fertilizer-P did not contribute to 
forage P uptake at Fayetteville where soil-test P was Above 
Optimum (Table 1). The season-total recovery of the applied 
fertilizer-P declined from 4.6% at the 30 lb P2O5/acre rate to 
recovery between 0.8 and 1.5% among the higher P-fertilizer 
rates (data not shown). 
Practical Applications
Results of this experiment indicate that no forage yield 
response to two years of P or K fertilization was observed when 
the soil-test K level is Low (61 to 90 ppm) or the soil-test P 
level is Above Optimum (>50 ppm, Fayetteville). However, it 
would be misguided to interpret these findings as an indication 
that bermudagrass hay production requires no P or K fertiliza-
tion. Instead, the proper conclusion is that the current data set 
is incomplete and does not account for the cumulative effect of 
the fertility treatments over multiple growing seasons. Thus, this 
study must be continued to evaluate the long-term consequences 
of the suboptimal P and K fertilization rates. Long-term moni-
toring of yields, nutrient removal, and soil nutrient levels will 
provide insight into the effects of cumulative P and K deficien-
cies. Further, long-term results will fine-tune P and K fertility 
recommendations for bermudagrass hay production offered by 
the University of Arkansas System Division of Agriculture.
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Table 1. Soil chemical property means (n = 30; 0- to 4-in. depth) for each location
and fertilizer trial, collected prior to initial fertilizer treatments in 2019 and 2020.
 Mehlich-3 extractable nutrients 
Location Trial Year pH P B K Ca Mg S Na Fe Mn Zn Cu
  ------------------------------------ (ppm) ----------------------------------------
Batesville	 Phosphorus	 2019	 5.67	 29	 0.33	 66	 979	 43	 16	 9	 109	 309	 0.50	 0.59
  2020 . -a 1.12 68 977 37 12 8 96 271 0.41 0.54
	 Potassium	 2019	 5.63	 32	 0.34	 65	 947	 33	 18	 8	 120	 325	 0.45	 0.59
  2020 . 24 1.22 -b 838 30 13 9 108 283 0.50 0.58
              
Fayetteville	 Phosphorus	 2019	 5.64	 96	 0.33	 79	 918	 47	 12	 22	 236	 181	 7.96	 2.60
  2020 . -a 0.34 51 946 35 13 7 232 178 7.79 2.55
	 Potassium	 2019	 5.44	 72	 0.26	 68	 739	 45	 12	 7	 203	 191	 6.20	 2.22
  2020 . 76 0.64 -b 776 36 14 7 212 202 6.29 2.32
a	Soil-test	P	values	as	affected	by	annual-P	rate	are	listed	in	Table	2.
b	Soil-test	K	values	as	affected	by	annual-K	rate	are	listed	in	Table	2.
Table 2. Mehlich-3 extractable potassium and phosphorus from
Batesville and Fayetteville locations in 2019 (before year 1 fertilization) and 2020.a
 Potassium trial (Mehlich-3 K) Phosphorus trial (Mehlich-3 P)
Season total Batesville Fayetteville Season total Batesville Fayetteville
K2O rate
b 2019 2020 2019 2020 P2O5 rate
b 2019 2020 2019 2020
(lb K2O/acre)  ----------------- (ppm) ----------------  (lb P2O5/acre)  ---------------- (ppm) ----------------
0 65 74 cd 67 46 d 0 27 19 100 94 bc
70×2 62 60 d 66 53 d 30×1 29 22 92 88 c
150×3 64 101 bc 63 80 c 60×2 27 21 99 102 abc
225×3 65 94 bcd 63 83 c 90×3 29 21 93 107 ab
300×3 68 123 ab 73 109 b 120×3 30 25 97 109 ab
375×3 65 160 a 75 140 a 150×3 30 21 92 111 a
  -------------------------------------------------------- P-value ----------------------------------------------------------






Soil test methods from the southeastern United States 
(pp. 101–110). Southern Cooperative Series Bulletin 419. 
Athens, GA: University of Georgia. Access date: 28 Oct. 
2020. Available at: http://aesl.ces.uga.edu/sera6/PUB/
MethodsManualFinalSERA6.pdf
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Table 3. Bermudagrass hay yields in response to potassium fertilization
in Fayetteville, Ark. and Batesville, Ark. during the 2020 growing season.a
 Potassium Trial
Season total         Fayetteville Batesville
K2O rate
b Total Harvest 1 Harvest 2 Harvest 3 Total Harvest 1 Harvest 2 Harvest 3
(lb K2O/acre)  ----------------------------------------------- (lb forage/acre) --------------------------------------------------
0 4,935 1,342 2,247 1,347 5,259 1,894 2,124 1,241
70×2 4,839 1,455 1,918 1,465 6,261 2,103 2,420 1,738
150×3 4,401 1,111 2,035 1,255 6,112 2,155 2,242 1,715
225×3 5,069 1,588 1,992 1,489 6,282 2,245 2,439 1,599
300×3 4,705 1,167 2,081 1,457 5,388 1,818 2,087 1,483
375×3 4,762 1,479 2,055 1,228 5,960 2,078 2,406 1,476
  ----------------------------------------------------P-value --------------------------------------------------------






Table 4. Bermudagrass hay yields in response to phosphorus




b Total Harvest 1 Harvest 2 Harvest 3
(lb P2O5/acre)  -------------------(lb forage/acre) -----------------------
0 4,996 1,791 1,879 1,326
30×1 5,119 2,063 1,897 1,158
60×2 5,012 1,801 1,994 1,217
90×3 5,114 1,928 1,879 1,307
120×3 4,979 1,995 1,732 1,252
150×3 4,866 2,025 1,769 1,072
  ------------------------ P-value ---------------------------
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Table 5. Bermudagrass forage-potassium concentration and total K2O removal in response to K
fertilization in Batesville, Ark. and Fayetteville, Ark. during the 2020 growing season.a
 Fayetteville Batesville
Season total Forage K Concentration Total Forage K Concentration Total
K2O rate
b Harvest 1 Harvest 2 Harvest 3 K2O removal
c Harvest 1 Harvest 2 Harvest 3 K2O removal
(lb K2O/acre)  ------------------- (% K) -------------------- (lb K2O/acre)  --------------------(% K) -------------------  (lb K2O/acre)
0 0.87 d 0.99 d 0.68 d 52 c 1.59 c 1.19 d 0.96 d 81 c
70×2 1.22 c 2.00 c 1.13 c 88 b 2.15 b 1.92 c 1.43 c 141 b
150×3 1.64 b 2.33 b 1.48 b 102 b 2.54 b 2.38 b 1.85 b 169 ab
225×3 1.83 ab 2.75 a 1.85 a 134 a 3.12 a 2.61 b 1.96 ab 198 a
300×3 1.98 a 2.88 a 1.92 a 134 a 3.49 a 3.17 a 2.12 a 195 a
375×3 2.01 a 2.98 a 2.05 a 141 a 3.27 a 3.01 a 2.12 a 206 a
  ----------------------------------------------------- P-value -----------------------------------------------------------








Table 6. Bermudagrass forage-phosphorus
concentration and total P2O5 removal in response to P
fertilization in Fayetteville, Ark., during the 2020 growing season.a
 Fayetteville
Season total Forage P Concentration Total P2O5
P2O5 rate
b Harvest 1 Harvest 2 Harvest 3 removalc
(lb P2O5/acre)  ------------------------(% P) ------------------------  (lb P2O5/acre)
0 0.39 0.43 0.38  46
30×1 0.39 0.44 0.38 48
60×2 0.38 0.45 0.37 47
90×3 0.38 0.45 0.36 47
120×3 0.38 0.49 0.36 47
150×3 0.41 0.49 0.38 48
  ---------------------------------P-value ---------------------------------












Soil Moisture Condition at Soil Sampling 
Time Affects Cores Uniformity and Reproducibility
G.L. Drescher,1 N.A. Slaton,2 T.L. Roberts,3 and A.D. Smartt1
Abstract 
Correct soil sampling is critical for accurate lime and fertilizer recommendations. Soil samples are frequently submitted 
to the laboratory in very wet or dry conditions reflecting that field conditions sometimes influence sampling procedures 
and may compromise the integrity of the sample. This study evaluated the effects of soil moisture at sampling time, 
soil sample depth, and soil sampling probe on soil core uniformity. Soil samples were collected from the 0- to 4-in. and 
0- to 6-in. depths of three silt loam soils, including the Captina, Calhoun, and Dewitt series. The effect of soil probe 
(AMS and Cone) was evaluated in the Captina and Calhoun soils. Six or seven moisture treatments were imposed that 
encompassed the range from the original dry soil (15.0% to 18.5% moisture) to field capacity and saturation. Core hole 
depth and oven-dry weight were measured at all three locations. Soil moisture and soil probe alone or their interaction 
influenced soil core uniformity. The effect of soil moisture on core hole depth and weight was most pronounced for 
the 0- to 6-in. sampling depth. Sampling soils that were very dry or saturated with water compromised the collection 
of uniform soil cores. We anticipate that the differences in core depth and weight will also influence soil-test results, 
especially in fields of cropping systems with nutrient stratification. The results highlight the need to avoid collecting 
samples when field conditions are too wet or too dry. 
1 Post-Doctoral Fellow and Program Associate, respectively, Soil Testing Lab, University of Arkansas System Division of Agriculture, Fayetteville. 
2 Assistant Director, Agricultural Experiment Station, University of Arkansas System Division of Agriculture, Fayetteville. 
3 Associate Professor, Department of Crop, Soil, and Environmental Sciences, University of Arkansas System Division of Agriculture, Fayetteville.
Introduction
The emphasis on precision agriculture has resulted in soil 
sample collection immediately after crop harvest with soil 
sample submissions peaking from October thru December 
compared to February thru April in the years before grid sam-
pling became popular in Arkansas. Collecting soil samples from 
grids or zones is time-consuming and cost-intensive (Bianchini 
and Mallarino, 2002; Nanni et al., 2011), as it requires a larger 
number of soil samples to be collected compared to collecting 
composite soil samples that represent larger acreages or the 
entire field. Soil sample collection is now a commercial service 
often performed by consultants for a fee or included as a part of a 
routine service package to customers by farm service providers.
Our observation is that soil samples are frequently submit-
ted to the laboratory in very wet or dry conditions, indicating 
that the field conditions may sometimes compromise soil sam-
pling procedures or the integrity of the soil sample. For example, 
very wet conditions at the time of sampling suggest that some 
field areas may have been avoided, composite samples may 
contain fewer individual cores, and samples may not have been 
collected with standard soil probes. Likewise, soil compaction 
and very dry conditions may limit the soil probe insertion depth. 
Information that reemphasizes collecting quality soil samples 
is needed to develop strong educational programs and ensure 
that soil-test results are representative of the field or field areas 
that samples were collected from. The concept of precision 
agriculture should not only include the precision of nutrient 
placement but the precision of all operations, including the soil 
sample collection process used to generate variable fertilizer 
rate maps from grid or zone soil samples.
Research concerning soil moisture's effect on soil test 
results is limited to studies comparing the moisture effect on 
certain nutrients, such as K release (Attoe, 1947; Dowdy and 
Hutcheson, 1963), extraction (Grava et al., 1961; Martins et 
al., 2015), availability prediction (Luebs et al., 1956), and cor-
relation for certain crops (Barbagelata and Mallarino, 2012), 
while the moisture effect on the precision and accuracy of soil 
sample collection has not been published. Experience suggests 
that the integrity of individual soil cores may be compromised 
when the soil is either too wet or too dry and collected with dif-
ferent sampling instruments. Adverse field conditions can lead 
to errors in sample collection and may directly affect soil-test 
results and fertilizer recommendations. The objectives of our 
study are to examine the effects of soil moisture at the time of 
sampling, soil sample depth, and soil sampling probe on soil 
core uniformity.
Procedures
Soil samples were collected from fields located at the Milo 
J. Shult Agricultural Research and Extension Center (SAREC, 
Captina silt loam) in Fayetteville, Pine Tree Research Station 
(PTRS, Calhoun silt loam) in Colt, and at the Rice Research 
and Extension Center (RREC, Dewitt silt loam) in Stuttgart, 
targeting silt-loam textured soils that typically require fertilizer 
addition to produce maximal crop yield (Table 1). Each sample 
site will be identified by the soil series. The soil samples were 
collected from fallow soils in April for the Captina soil, June for 
the Calhoun soil, and September for the Dewitt soil. To evalu-
ate the influence of soil moisture on soil core uniformity, six 
(Calhoun and Dewitt) or seven (Captina) moisture conditions 
were evaluated. The moisture content of dry soil was measured 
using a soil moisture sensor (SM150T, Delta-T Devices Ltd, 
Cambridge, England), and the initial soil moisture content was 
used as a starting point to apply increasing amounts of deionized 
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water based on the soil water retention curve of each soil series 
as determined using the Soil-Plant-Atmosphere-Water program 
(SPAW, v6.02.75, USDA-ARS, Washington, D.C.; Saxton and 
Rawls, 2006). The SPAW program uses select soil properties 
to identify the soil moisture content at field capacity and satu-
ration. The SPAW program predicted field capacity moisture 
was 26.5% for the Captina soil, 34.4% for the Calhoun soil, 
and 34.5% for the Dewitt soil. The moisture treatments ranged 
from the existing (dry) soil moisture content to saturation and 
included the original dry condition (M1); an intermediate soil 
moisture content between dry and field capacity (M2); field 
capacity (M3); an intermediate condition between field capacity 
and saturation (M4); saturation (M5); and one treatment above 
saturation with the presence of standing water (~2 mm) on the 
soil surface (M6). For the captina soil at SAREC, there was 
one additional moisture condition between field capacity and 
saturation for a total of seven soil moisture treatments. 
Each experimental unit consisted of a 22.8-in. diameter 
(0.26 m2) plastic ring inserted about 2 in. (±5 cm) into an 
undisturbed soil (Fig. 1A). Deionized water was applied in 
amounts estimated to adjust the soil moisture content in the top 
8.0-in. (20 cm soil) layer to each targeted moisture content and 
allowed to infiltrate for about 24 hours before soil sampling. 
Six soil moisture readings were performed with the SM150T 
soil moisture sensor at each experimental unit and averaged for 
each treatment, and used to identify each treatment.
The effects of the soil probe and soil sample depth were 
also included in the sampling protocol for the Calhoun and 
Captina soils. Two soil probes included a commercial probe 
(AMS probe; 0.75-in. inner diameter, AMS, Inc., American 
Falls, Idaho) and custom-manufactured cone probes (Cone 
probe, 0.87-in. inner diameter) made of stainless steel with a 
4-in. wide depth stop located at the 4- or 6-in. depths (separate 
probes). The Calhoun and Captina soils were sampled from 
the 0- to 4-in. and 0- to 6-in. soil depths. For the Dewitt soil, 
soil samples were collected from both soil depths using only 
the Cone probe.
At the time of soil sampling, the core hole depth was 
measured. Six individual soil cores were randomly sampled 
within each moisture treatment for each soil probe and sample 
depth (Fig. 1B). Each soil core was placed in a labeled bag, 
sealed immediately after sampling, and taken to the University 
of Arkansas System Division of Agriculture's Fayetteville Agri-
cultural Diagnostic Laboratory. Each soil core was oven-dried 
at 65 ℃ for 48 hours and weighed to evaluate the dry soil mass.
The experiment on the Calhoun and Captina soils was a 
randomized complete block design with a factorial (moisture × 
probe) treatment arrangement. For the Dewitt soil, only the main 
effect of soil moisture was evaluated for each sampling depth 
with the Cone probe. The seven moisture conditions used for 
the Captina soil experiment were randomly distributed across a 
uniform field, and soil cores from the 0- to 4-in. and 0- to 6-in. 
depths were randomly collected from each ring with the Cone 
probe, with individual cores (six cores/probe/depth) considered 
as replicates. The experiments for the Calhoun and Dewitt soils 
had three replicates, and the ANOVA was performed using the 
average of six cores/replicate. ANOVA was performed sepa-
rately for each soil sample depth to evaluate the main effects 
of moisture, soil probe, and their interactions (Captina and 
Calhoun) while only the main effect of moisture was evaluated 
for the Dewitt soil. All statistical analyses were performed using 
the GLIMMIX procedure (SAS Institute, Cary, N.C.).
Results and Discussion
There was a significant effect of both probe and soil mois-
ture conditions on soil core uniformity at all three sites, with 
the greatest variation occurring for soil core weight (Table 2). 
For the Captina soil, there was no significant moisture effect for 
core hole depth, while the effect of soil probe was significant 
(P < 0.10) with slightly greater hole depth occurring with the 
AMS probe at both sampling depths (Table 3). Note that the 
Cone probe was more accurate in reaching the targeted depth 
for the 0- to 4-in. depth, while the AMS probe was closer to 
the desired depth for the 0- to 6-in. samples. The manufactured 
Cone probe has a designed stopper for the target depth (i.e., 4 
or 6 in.), preventing probe insertion to depths beyond the target, 
which resulted in core hole depth uniformity when sampling 
the 0- to 4-in. depth. The AMS probe has a smaller diameter 
than the Cone probe, which may facilitate insertion to greater 
depths under moist soil conditions than the Cone probe. In 
Arkansas, moist soil conditions are common during the late 
fall and winter, but very dry soil conditions that may limit the 
depth of probe insertion are common in early fall and may 
impair sample collection to the 0- to 6-in. depth (Slaton et al., 
2010). High soil moisture content was noticed to cause the loss 
of the bottom part of the soil core with the Cone probe, while 
the top of the soil core was sometimes compromised when us-
ing the AMS probe. The behavior of the AMS probe is related 
to its open design and was more evident for the core weight 
than hole depth, as there was a trend for lower core weight at 
the highest moisture condition for both the 0- to 4-in. and 0- to 
6-in. sample depths.
For the Calhoun soil, the Cone probe provided more ac-
curate depth control for the 0- to 4-in. depth than the AMS 
probe. No significant difference occurred between probes for 
the 0- to 6-in. depth, although the Cone probe was numerically 
closer to the targeted soil depth (Tables 2 and 4). Soil-core-hole 
depth for the 0- to 6-in. samples was significantly affected by 
soil moisture content, averaged across soil probes, with the soil 
sample depth being 0.5 to 0.9 in. less for the driest soil condi-
tion (5.12 in.) compared to all other moisture contents (5.66 
to 6.02 in.). Soil core weight for the Cone probe samples was 
greater for both sample depths than the AMS probe, which is 
related to the Cone probe's greater core diameter (0.75 in. for 
the AMS and 0.87 in. for the Cone probe, respectively). Soil 
moisture content had no significant effect on samples collected 
from the 0- to 4-in. depth (Tables 2 and 4). For the 0- to 6-in. 
depth, the weights of soil cores collected with the Cone probe 
were greatest and consistent at the intermediate moisture con-
ditions (i.e., M2 to M5) and the AMS probe showed a similar 
response for the M3 to M5 moisture treatments. These results 
support the notion that moisture conditions influence core 
uniformity and may potentially influence soil-test results. For 
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the AMS probe, the greatest core weight was observed at the 
greatest soil moisture content (M6, 50.8% moisture), which is 
probably related to the soil from the outside core adhering to 
the probe. This behavior was not observed for the Captina silt 
loam and might be ascribed to the higher clay and lower sand 
contents of the Calhoun silt loam soil (Table 1).
The Captina and Calhoun soil results clearly showed a 
significant soil probe effect on core hole depth and soil weight 
that sometimes interacted with soil moisture content (Table 2). 
Hence, at the third sampling location, we evaluated only the 
soil moisture effect with the Cone probe for the Dewitt soil 
(Tables 2 and 5). For the 0- to 4-in. sampling depth, there was 
no significant moisture effect on core hole depth (Table 5), but 
soil core weight was lowest for the two greatest soil moisture 
contents, which follow the non-significant trend shown by hole 
depth. Similar to the results from Captina and Calhoun, the dif-
ferences in hole depth and soil core weight for the Dewitt soil 
were amplified at the 0- to 6-in. sampling depth, with the lowest 
values occurring when the soil was either very dry or very wet.
Our results demonstrate the difficulty of controlling the 
desired soil sample depth when the soil is either too dry or too 
wet at sampling time. We highlight the difficulty of reaching the 
target 0- to 6-in. sampling depth when the soil is very dry with-
out using force (i.e., hammer) to insert the probe to the target 
depth. Likewise, extreme wet conditions might also influence 
the core depth with the Cone probe due to loss of the bottom part 
of the core (via suction), while there is an increased chance of 
sample contamination or loss with the open-sided AMS probe. 
Regardless of the reason, soil conditions that compromise soil 
cores or prevent proper sampling may directly influence the 
soil-test results, especially in fields with substantial nutrient 
stratification (i.e., no-till). Research has shown that soil nutri-
ent concentrations tend to be more variable across time in the 
surface 2 in. compared to the top 6 in. (Childs and Jencks, 
1967). The amount, frequency, type, and depth of tillage among 
cropping systems influences the extent of nutrient stratification 
in the soil profile (Martínez et al., 2016) and may affect the soil 
test results and fertilizer rate recommendations if samples are 
not collected to the proper depth. Soil moisture contents near 
field capacity moisture allow for the easiest soil probe insertion 
to the desired depth and produce consistent soil cores having 
similar hole depths and weights, especially for the 0- to 6-in. 
sampling depth (Tables 4 and 5). 
Practical Applications
Soil moisture, soil probe, or sample depth alone or their 
interactions can influence soil core uniformity. The effect of soil 
moisture on hole depth and core weight was most pronounced 
for the 0- to 6-in. sample depth. We anticipate that the differ-
ences in sample depth and core weight highlighted in this report 
will also influence the soil-test results, which will highlight the 
need to avoid collecting samples when field conditions are too 
wet or too dry. It is worth noting that all soil sampling performed 
in this study was performed with great care to maximize the 
precision and accuracy of the soil sampling objectives. The 
magnitude of the soil moisture effect on soil core uniformity 
will probably increase when soil samples are collected by ag-
ricultural practitioners who perform soil sampling services for 
farmers and work long hours across a range of field conditions 
and weather conditions. The effects of soil depth, soil moisture, 
and probe on soil-test results (pH and Mehlich-3 extractable 
nutrients) will be reported at a later date. Studies that simulate 
typical soil sampling objectives are needed to examine how 
these same factors (probe, depth, and soil moisture) influence 
soil core uniformity and soil-test results. 
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Table 1. Selected soil physical characteristics at the 0- to 6-in. depth of the
three soil sampling locations, including the Milo J. Shult Agricultural Research and Extension
Center (SAREC), Pine Tree Research Station (PTRS), and Rice Research and Extension Center (RREC).
Site Location Soil series Taxonomic class SBD† Sand Silt Clay SOM‡
  (g/cm3)  -------------- (%) ---------------
SAREC	 36°	5'45.04"N,		 Captina	 Fine-silty,	siliceous,	active,	
	 94°10'42.98"W	 	 mesic	Typic	Fragiudults	 1.42	 21	 70	 9	 1.3
PTRS	 35°	7'11.12"N,		 Calhoun	 Fine-silty,	mixed,	active,	
	 90°57'30.18"W	 	 thermic	Typic	Glossaqualfs	 1.31	 1	 80	 19	 2.1
RREC	 34°27'42.01"N,		 Dewitt	 Fine,	smectitic,	thermic
	 91°25'9.33"W	 	 Typic	Albaqualfs	 	 1.31	 1	 76	 23	 1.8
† SBD, soil bulk density.
‡	SOM,	Soil	organic	matter.
Table 2. Analysis of variance (ANOVA) P-values for soil core depth 
and weight for three locations as influenced by soil moisture, soil sampling probe, and
their interaction at the 0- to 4-in. and 0- to 6-in. depths for Captina, Calhoun, and Dewitt soils. 
Sampling   Degrees of  P-value
Depth Source of Variation Freedom Core Hole Depth Core Weight
(in.) ------------------------------------------------------Captina------------------------------------------------------
0-4	 Moisture	Condition	 6	 0.6220	 0.0376
	 Probe	 1	 0.0004	 <0.0001
	 Moisture	Condition	x	Probe	 6	 0.8347	 0.0931
0-6	 Moisture	Condition	 6	 0.2681	 0.0637
	 Probe	 1	 0.0151	 <0.0001
	 Moisture	Condition	x	Probe	 6	 0.6660	 0.1762
 -----------------------------------------------------Calhoun-----------------------------------------------------
0-4	 Moisture	Condition	 5	 0.2893	 0.6813
	 Probe	 1	 0.0075	 <.0001
	 Moisture	Condition	x	Probe	 5	 0.3270	 0.6614
0-6	 Moisture	Condition	 5	 0.0582	 0.2650
	 Probe	 1	 0.2408	 <.0001
	 Moisture	Condition	x	Probe	 5	 0.5687	 0.0126
 ------------------------------------------------------Dewitt------------------------------------------------------
0-4	 Moisture	Condition	 5	 0.6049	 0.0012
0-6	 Moisture	Condition	 5	 0.0061	 0.0043
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Table 3. Soil-core-hole depth and weight as affected by soil moisture treatment
and sampling probe for soil samples collected from the 0- to 4-in. and 0- to 6-in. depths of a
Captina silt loam at the Milo J. Shult Agricultural Research and Extension Center (SAREC), Fayetteville, Ark.
Soil 
 Core Hole Depth Soil Core Weight
Moisture 0–4 in. 0–6 in. 0–4 in. 0–6 in. 
Content† AMS‡ Cone AMS Cone AMS Cone AMS Cone Average
(%)  ---------------------(in.) --------------------   ---------------------------- (g)------------------------------
M1	(18.5)	 4.06	 3.94	 5.79	 5.83	 37.6	Ac§ 48.2BCa 58.6 83.8 71.2A
M2	(22.5)	 4.06	 3.94	 5.87	 5.83	 40.0	Abc	 44.7CDa	 57.1	 73.2	 65.1B
M3	(26.5)	 3.98	 3.94	 5.98	 5.87	 37.7	Ac	 50.1ABa	 60.0	 81.4	 70.7A
M4	(33.7)	 4.06	 3.94	 6.02	 5.83	 39.5	Abc	 52.5ABa	 59.0	 82.0	 70.5A
M5	(37.3)	 4.06	 3.86	 6.02	 5.75	 37.8	Ac	 48.8BCa	 55.9	 81.0	 68.4AB
M6	(40.9)	 3.98	 3.78	 5.71	 5.63	 40.2	Abc	 53.9Aa	 59.2	 85.0	 72.1A
M7	(48.1)	 3.98	 3.94	 5.71	 5.43	 38.6	Ac	 43.0Dab	 58.7	 71.1	 64.9B







Table 4. Soil-core-hole depth and weight as affected by moisture
conditions and sampling probe for soil samples collected from the 0- to 4-in. and
0- to 6-in. depths of a Calhoun silt loam at the Pine Tree Research Station (PTRS), Colt, Ark.
Soil
 Core Hole Depth Soil Core Weight
Moisture 0–4 in. 0–6 in. 0–4 in. 0–6 in.
Content† AMS‡ Cone AMS Cone Average AMS Cone AMS Cone
(%)  ---------------------------- (in.) ---------------------------   -------------------- (g) -----------------------
M1	(15.0)	 3.94	 3.82	 4.84	 5.39	 5.12	B§ 42.6 54.8 52.1 Cb 84.8 Ba
M2	(24.0)	 3.98	 3.94	 5.47	 5.91	 5.67	A	 40.4	 54.0	 56.8	BCb	 88.7	Aa
M3	(29.9)	 4.13	 3.94	 5.87	 5.98	 5.91	A	 42.9	 55.3	 62.7	ABb	 92.3	Aa
M4	(38.3)	 4.21	 3.82	 5.87	 5.94	 5.91	A	 44.3	 54.9	 63.4	ABb	 89.9	Aa
M5	(42.2)	 4.13	 4.02	 6.10	 5.94	 6.02	A	 42.3	 56.5	 63.4	ABb	 89.5	Aa
M6	(50.8)	 4.13	 4.02	 5.91	 5.87	 5.87	A	 41.4	 51.2	 66.8	Ab	 75.1	Ba
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Table 5. Soil-core-hole depth and weight as affected by
moisture content for soil samples collected from the 0- to 4-in. and 0- to 6-in. depths
of a Dewitt silt loam at the Rice Research and Extension Center (RREC), Stuttgart, Ark.
Soil
Moisture  Core Hole Depth Soil Core Weight
Content† 0–4 in. 0–6 in. Average 0–4 in. 0–6 in. Average
(%)  ---------------------- (in.) -----------------------  ---------------------- (g) ------------------------
M1	(15.5)	 3.90	 5.04	C‡ 4.49 53.2 A 71.7 D 62.5
M2	(27.3)	 3.98	 5.71	AB	 4.84	 54.0	A	 84.5	AB	 69.2
M3	(35.5)	 3.98	 5.91	A	 4.96	 53.7	A	 89.1	A	 71.4
M4	(38.2)	 3.94	 5.98	A	 4.96	 54.1	A	 89.5	A	 71.8
M5	(47.3)	 3.90	 5.67	AB	 4.76	 48.1	B		 78.8	BC	 63.4
M6	(50.3)	 3.74	 5.43	B	 4.61	 44.6	C	 75.0	CD	 59.8




  Wayne E. Sabbe Arkansas Soil Fertility Studies 2020
Fig. 1 Side (A) and top (B) views of the experimental unit. Fig 1B
illustrates the individual soil core distribution within the six areas of each ring.
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Predicting Soil Organic Matter and Clay
Content Using Mehlich-3 Extractable Nutrients
G.L. Drescher,1 N.A. Slaton,2 T.L. Roberts,3 and A.D. Smartt1
Abstract 
Soil organic matter (SOM) and clay contents are key properties influencing soil nutrient availability but are time-con-
suming laboratory procedures. A cost-effective alternative is the estimation of SOM and clay contents using information 
from routine soil-test data. We evaluated the prediction of SOM and clay content using Mehlich-3 extractable nutrients in 
Arkansas soils. Soil clay content was determined by the hydrometer method and SOM by loss on ignition. Two data sets 
were used to predict clay (n = 409) and SOM (n = 600) using linear correlation and linear and multiple regression. The 
estimated cation exchange capacity (ECEC), sum of bases, and Mehlich-3 Mg, Ca, K and Na were highly correlated (r > 
0.72) with clay content and resulted in significant (P < 0.0001) clay prediction models (r2 = 0.84, 0.79, 0.82, 0.73, 0.55, 
and 0.52, respectively). Mehlich-3 Na and K had the lowest r2 values while prediction accuracy increased when using 
Ca, the sum of bases, Mg, and ECEC. The clay prediction with ECEC showed the highest r2 (0.84) and lowest root mean 
square error (RMSE) (5.61) values but slightly underestimated the clay content of clayey-textured soils. The strength of 
the correlation between Mehlich-3 extractable nutrients and SOM was poor, with Mehlich-3 P being the single variable 
with the highest correlation (r = 0.51, P < 0.0001). The SOM prediction with Mehlich-3 P was low (r2 = 0.26, RMSE 
= 1.11), but the prediction accuracy increased when Mehlich-3 P was combined with ECEC (r2 = 0.37, RMSE = 1.02). 
This behavior highlights the complexity of the soil organic phase and suggests that the consideration of more variables 
may improve the prediction. Mehlich-3 extractable nutrients can be used to estimate clay content of Arkansas soils, but 
further research is needed to validate clay prediction models and improve SOM prediction.
1 Post-Doctoral Fellow and Program Associate, respectively, Soil Testing Lab, University of Arkansas System Division of Agriculture, Fayetteville. 
2 Assistant Director, Agricultural Experiment Station, University of Arkansas System Division of Agriculture, Fayetteville. 
3 Associate Professor, Department of Crop, Soil, and Environmental Sciences, University of Arkansas System Division of Agriculture, Fayetteville.
Introduction
Soil organic matter (SOM) and clay contents are important 
soil properties dictating nutrient dynamics and crop production 
practices. These attributes affect most biological, chemical, and 
physical soil properties and therefore are commonly used to 
evaluate nutrient availability and define best fertilizer manage-
ment practices. There is a multitude of laboratory procedures 
for the quantification of soil particle size with the hydrometer 
(Huluka and Miller, 2014) and pipette (Gee and Or, 2002) 
methods being the most common methods for clay content. 
Soil organic matter is generally analyzed by weight loss on 
ignition or estimated from carbon content determined by wet 
or dry combustion (Nelson and Sommers, 1996). While effec-
tive, these analytical methods may use hazardous chemical 
reagents, be laborious and time-consuming to execute, or both 
(Lazzaretti et al., 2020).
In Arkansas, approximately 200,000 soil samples are ana-
lyzed each year at the University of Arkansas System Division 
of Agriculture's Marianna Soil Test Laboratory, which makes 
the determination of SOM and clay content with standard 
methods impractical. Recent research has sought alternative 
methods for determining clay and SOM content, including near-
infrared spectroscopy (NIRS) (Jaconi et al., 2019; Lazzaretti 
et al., 2020), which is accurate in the predictions but special 
instruments are required for such analysis. A cost-effective 
alternative is the estimation of SOM and clay contents using 
information from routine soil-test data. Using information from 
routine soil analysis has the advantage of developing calibra-
tion curves for specific soil conditions or production systems 
and can frequently be checked for accuracy with the standard 
methods. However, research investigating the use of routine 
soil test information, like soil pH and Mehlich-3 extractable 
nutrients, to predict clay and SOM content is scarce. The objec-
tive of this study is to evaluate the prediction of SOM and clay 
content using Mehlich-3 extractable nutrients in Arkansas soils.
Procedures
A dataset of 409 soil samples from different crop produc-
tion systems (i.e., 201 row crop, 205 hay or pasture, 1 cot-
tonwood, 1 prairie restoration area, and 1 grass conservation 
area) and locations in Arkansas was used for clay prediction. 
Soil clay content was determined by the hydrometer method 
(Huluka and Miller, 2014) on research samples submitted to 
the Fayetteville Agricultural Diagnostic Laboratory or client 
samples submitted to the Marianna Soil Test Laboratory and 
ranged from 2.5% to 78.6% clay, with a mean and median val-
ue of 19.8% and 15.2%, respectively. 
For SOM, a dataset of 600 client samples submitted to 
the Marianna Soil Test Laboratory was used for the prediction 
models and included 306 samples from row crop fields, 216 
samples from hay or pastures, and 38 samples from vegetable, 
28 samples from fruit, 7 samples from turfgrass, and 5 samples 
from ornamental production areas. Soil organic matter was 
determined by weight loss on ignition (Zhang and Wang, 
2014) and the content ranged from 0.6% to 13.2% SOM, with a 
mean and median value of 2.8% and 2.2%, respectively. 
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All samples were analyzed for soil water pH in a 1:2 
soil:water mixture (Sikora and Kissel, 2014). Mehlich-3 ex-
traction was performed as outlined by Zhang et al. (2014), and 
the nutrient concentrations of extracts were determined using 
inductively coupled plasma atomic emission spectrophotom-
etry (Spectro Arcos, Spectro Arcos models 130 or 160). The 
sum of bases was calculated as the sum of Mehlich-3 extract-
able Ca, Mg, K, and Na and expressed using units of cmolc/
kg soil. The estimated cation exchange capacity (ECEC, 
cmolc/kg soil) was calculated using the equation ECEC = 
∑(Ca+Mg+K+Na)cmolc/kg - 2.3004 × pH + 16.997 where the 
bases (Ca, Mg, K, and Na) are determined by Mehlich-3 ex-
traction and expressed as cmolc/kg soil. The clay and SOM 
prediction analyses were performed using correlation analysis 
and linear and multiple regression with the CORR and REG 
procedures (SAS Institute, Cary, N.C.), respectively. Only 
variables with a linear correlation coefficient above 0.70 and 
0.50 were used for the clay and SOM prediction models, 
respectively. The Studentized residual (>2.5) and Cook’s D 
statistics were reviewed to identify potential outlying and 
influential data, respectively. When appropriate, outlying or 
influential observations were omitted, and the model was refit.
Results and Discussion
Clay Prediction
The ECEC, sum of bases, and Mehlich-3 Mg, Ca, K and 
Na were each highly correlated (r > 0.72, P > 0.0001; Table 1) 
with clay content and resulted in significant (P < 0.0001) clay 
prediction models (r2 = 0.84, 0.79, 0.82, 0.73, 0.55, and 0.52, 
respectively; Fig. 1). Mehlich-3 extractable Na and K had the 
lowest correlation with clay content (Figs. 1A and 1B), while 
the relationship improved substantially for Ca, the sum of bases, 
Mg, and ECEC (Figs. 1C, 1E, 1D, and 1F). The highest r2 (0.84) 
and lowest dispersion of the data points (lowest RMSE = 5.61) 
were observed with the ECEC, but the model underestimated 
the clay content of soils with high clay content (Fig. 1F). 
The accuracy of ECEC in predicting clay content might be 
related to the fact that the ECEC calculation includes the cations 
with the highest correlation with clay content and an estimate 
of exchangeable acidity. Soil cation exchange capacity (CEC) 
varies according to the clay content, the type of clay, soil pH, 
and the amount of organic matter. Hence, a positive relationship 
with both CEC and ECEC and clay content is expected and 
supported the findings reported by Manrique et al. (1991) in 
diverse horizons and soils from the USA. These results suggest 
that the ECEC can potentially be used for clay prediction in 
soils from Arkansas, but a validation of the prediction models 
is still necessary to verify the model’s accuracy.
Soil Organic Matter Prediction 
The strength of the correlation coefficient between 
Mehlich-3 extractable nutrients and SOM was moderate to weak, 
and the highest single variable correlated to SOM was Mehlich-3 
extractable-P (r < 0.51, P < 0.0001; Table 2). The weak correla-
tion highlights the complexity of SOM and a probable contribu-
tion of labile organic P pools extracted with the Mehlich-3 P 
availability index. A previous study by Halajnia et al. (2009) has 
shown the organic-P pool increases with fertilizer and manure 
application and is positively related to organic carbon. Overall, 
the SOM prediction based solely on Mehlich-3 extractable P 
was low (r2 = 0.26, RMSE = 1.11, P < 0.00; Fig. 2A). 
The SOM prediction model accuracy increased when 
Mehlich-3 extractable P was combined with the ECEC (r2 = 
0.37, RMSE = 1.02, P < 0.001; Fig. 2B). Organic matter and 
hydroxy-Al materials are the sources of a large portion of the 
CEC in soils with variable-charge minerals (Manrique et al., 
1991). The majority of soils in Arkansas have mixed mineralogy 
with a predominance of variable-charge minerals and therefore 
a major part of soil negative charges is related to SOM, which 
helps to explain the improvement in the prediction model when 
combining Mehlich-3 extractable P and ECEC. The low cor-
relation of single variables with SOM and the improvement in 
the prediction model when combining Mehlich-3 extractable 
P and ECEC suggest that an accurate SOM prediction might 
be possible only when considering more complex models (i.e., 
including more soil-test variables) or using soils with similar 
physical-chemical characteristics and management.
Practical Applications
Mehlich-3 extractable nutrients can be used to estimate the 
clay content of Arkansas soils and reduce the time and costs 
associated with soil analysis. Further research is needed to vali-
date the clay prediction models using similar and diverse soils 
(texture, mineralogy, and management) to those used to create 
the model and verify the geographic extent (local, regional, or 
nationwide) of the model’s application. Additional information 
is necessary for improving SOM prediction and identifying a 
potential prediction model might be challenging due to the 
high spatial and chemical variability of the soil organic phase.
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Table 1. Pearson linear correlation (r) of soil properties used for clay prediction in 384 soils from Arkansas.
  Sand Silt Clay SOM pH P K Ca Mg Na S Fe Mn Zn Cu B SBa ECECb
Sand 1.00                 
Silt -0.73f	 1.00                
Clay -0.48f	 -0.25f	 1.00               
SOM -0.03c -0.11d 0.19f	 1.00              
pH -0.44f	 0.16e 0.43f	 0.05c 1.00             
P	 0.23f	 -0.12d -0.17f	 0.40f	 0.04c 1.00            
K -0.29f	 -0.25f	 0.74f	 0.33f	 0.39f	 0.20f	 1.00           
Ca -0.47f	 -0.14e 0.85f	 0.33f	 0.69f	 0.07c 0.75f	 1.00          
Mg -0.47f	 -0.18f	 0.90f	 0.13d 0.60f	 -0.09c 0.77f	 0.89f	 1.00         
Na -0.49f	 -0.02c 0.72f	 -0.02c 0.44f	 -0.15e 0.52f	 0.65f	 0.74f	 1.00        
S -0.04c -0.10c 0.19f	 0.40f	 -0.23f	 0.19f	 0.28f	 0.11d 0.08c 0.21f	 1.00       
Fe -0.36f	 0.17f	 0.29f	 -0.14e 0.29e 0.00c 0.32f	 0.33f	 0.38f	 0.38f	 0.00c 1.00      
Mn -0.27f	 0.38f	 -0.11d -0.03c 0.13d -0.20f	 -0.19f	 -0.12d -0.14e -0.07c -0.06c -0.24f	 1.00     
Zn 0.06c -0.06c 0.00c 0.39f	 0.17f	 0.78f	 0.24f	 0.20f	 0.06c 0.00c 0.19f	 0.08c -0.09c 1.00    
Cu 0.22f	 -0.14e -0.13e 0.53f	 -0.01c 0.84f	 0.21f	 0.08c -0.07c -0.13d 0.32f	 -0.04c -0.16e 0.78f	 1.00   
B -0.21f	 -0.11d 0.44f	 0.40f	 0.34f	 0.30f	 0.56f	 0.58f	 0.48f	 0.28f	 0.24f	 0.31f	 -0.15e 0.33f	 0.35f	 1.00  
SBa -0.48f	 -0.16e 0.89f	 0.28f	 0.68f	 0.03c 0.78f	 0.99f	 0.94f	 0.70f	 0.11d 0.36f	 -0.13e 0.17f	 0.05c 0.57f	 1.00 
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Table 2. Pearson linear correlation (r) of soil properties, including Mehlich-3 extractable nutrients
(Ca, Mg, Na, S, Fe, Mn, Cu, Zn, and B) used  for soil organic matter (SOM) prediction in 554 soils from Arkansas.
  SOM pH P K Ca Mg Na S Fe Mn Cu Zn B SBa ECECb
SOM 1.00              
pH -0.04c 1.00             
P	 0.51f	 0.01d 1.00            
K 0.29f	 0.20f	 0.28f	 1.00           
Ca 0.40f	 0.60f	 0.18f	 0.36f	 1.00          
Mg 0.14f	 0.47f	 -0.08e 0.34f	 0.76f	 1.00         
Na -0.02d 0.25f	 -0.10e 0.21f	 0.47f	 0.57f	 1.00        
S 0.15f	 -0.02d 0.13e 0.70f	 0.09e 0.10e 0.39f	 1.00       
Fe -0.08c -0.10d 0.03c 0.02c 0.11e 0.13e 0.18f	 -0.03c 1.00      
Mn 0.26f	 -0.05c 0.01c -0.05c -0.07c -0.11d -0.17f	 -0.06c -0.32f	 1.00     
Cu 0.41f	 0.02c 0.66f	 0.24f	 0.21f	 0.08c -0.01c 0.07c -0.05c 0.16f	 1.00    
Zn 0.48f	 0.04c 0.63f	 0.20f	 0.17f	 -0.06c -0.03c 0.07c 0.05c -0.02c 0.56f	 1.00   
B 0.33f	 0.41f	 0.14f	 0.29f	 0.62f	 0.42f	 0.33f	 0.09d 0.28f	 -0.15f	 0.08c 0.27f	 1.00  
SBa 0.34f	 0.58f	 0.12e 0.41f	 0.97f	 0.88f	 0.54f	 0.14f	 0.13e -0.09d 0.19f	 0.11e 0.60f	 1.00 
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Fig 1. Clay prediction models using Mehlich-3 extractable nutrients (1A) Na, (1B) K, (1C) Ca, and (1D)
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Fig 2. Soil organic matter (SOM) prediction models using (2A) Mehlich-3 extractable phosphorus and (2B) the 
relationship with predicted SOM using Mehlich-3 extractable phosphorus and estimated cation exchange 




Cover Crop and Phosphorus and Potassium
Application Rate Effects on Soil-Test Values and Corn Yield
A.D. Smartt,1 N.A. Slaton,1 T.L. Roberts,1 G.L. Drescher,1 L. Martin,2 S. Hayes,2 and C.Treat3
Abstract
Cover crops may affect soil-test P and K concentrations and the following crop's response to fertilization by influencing 
soil nutrient cycling. This report summarizes year 4 results of a field trial examining the influence of cover crop and 
fertilizer-P and -K rates on corn (Zea mays) yield and soil-test P and K. Research was conducted at two locations with 
soil samples collected from the 0-6 inch depth at cover crop planting in fall 2019 and termination in spring 2020. In 
2020, the third year of applications of annual fertilizer-P and -K were made to subplot fertilizer treatments, and corn 
was planted following cover crop termination. Cereal rye (Secale cereal) biomass (1885 to 7359 lb/acre) contained the 
equivalent of 14 to 39 lb P2O5 and 48 to 151 lb K2O/acre, but fertilizer rate did not affect biomass content of treatment 
nutrients in any trial. Cover crop increased soil organic matter, relative to fallow, in 2 of the 4 trials but generally did 
not impact spring soil-test values. Fertilizer rates were consistently reflected in soil-test values following two annual 
applications, with values increasing as rates increased. The main effect of fertilizer rate had no significant effect on 
grain yield in any of the 4 trials, but the interaction between cover crop and fertilizer-K rate did influence corn yield 
at one site. The cereal rye cover crop reduced corn yield in the P and K trials by up to 19% at one location but did not 
affect corn yield at the other location. 
Introduction
Winter cover crops have the potential to enhance nutrient 
availability and cycling, increase soil organic matter (SOM), 
reduce soil erosion and weed pressure, increase infiltration, and 
improve soil moisture retention when properly managed in a 
row crop rotation (Clark, 2007). Extensive research has been 
conducted to examine how cover crops influence nitrogen (N) 
availability for the cash crops they are rotated with, but less 
work has been done to determine the influence of cover crops 
on soil-test nutrient values and cash crop yield response with 
respect to phosphorus (P) and potassium (K) management. In 
a short-term trial in Kansas, the cover crop did not influence 
grain yield or soil-test P and K in samples collected following 
summer crop harvest (Carver et al., 2017). A long-term trial 
in Brazil, however, reported a significant increase in soil-
available P and K under several different cover crop treatments, 
relative to winter fallow, which was enhanced under no-tillage 
management compared to conventional tillage (Tiecher et al., 
2017). Research in Arkansas indicated that soil-test P remained 
relatively stable across the fall and winter months following 
rice (Oryza sativa) and soybean (Glycine max) harvest (Slaton 
et al., 2016). Similarly, soil-test K following soybean did not 
change appreciably over time, but soil-test K increased from 
rice harvest until December, indicating that high biomass crops 
like corn and rice, with more recalcitrant residue, can cause soil-
test K to change over time as the K from crop residue leaches 
into the soil with precipitation. Relative to K, the P content 
is lower in crop residue since most of the P is removed in the 
harvested grain and is released slowly during residue decompo-
sition. Soil-test P across time is less affected by previous crop 
1 Program Associate, Professor, Associate Professor, and Post Doctoral Fellow, respectively, Department of Crop, Soil, and 
Environmental Sciences, Fayetteville.
2 Research Program Technician and Research Program Associate, respectively, Rohwer Research Station, Rohwer.
3 Farm Foreman, Lon Mann Cotton Research Station, Marianna.
residue than soil-test K. Research has provided evidence that 
cover crops can affect soil nutrient dynamics in the short term, 
as cover crop biomass accumulates and redistributes nutrients, 
and in the long term as soil-test chemical properties change. 
Based on the influence of cover crops on various soil properties, 
it is important to investigate the interaction of cover crops with 
various fertilizer-P and -K rates to effectively make soil-test-
based fertilizer recommendations for cash crops managed in 
rotation with winter cover crops.
The goal of this research is to continue management of 
long-term plots rotated between corn, cotton (Gossypium hir-
sutum), and soybean cash crops that receive different annual 
fertilizer-P and -K rates and are grown with or without a cereal 
rye (Secale cereal) cover crop to monitor short- and long-term 
changes in soil chemical properties and soil health. Slaton et 
al. (2018, 2019) and Smartt et al. (2020) describe the initial soil 
properties and the soil-test and cash crop responses to cover 
crop and fertilizer rates across the first 3 years of this project. 
This report summarizes the year 4 results focused on examining 
the effect of cover crop and fertilizer-P and -K rates on corn 
grain yield and select soil-test properties and the influence of 
cover crop on changes in selected soil chemical properties 
between soil samples collected at cover crop establishment in 
fall and cover crop termination in spring.
Procedures
Trials were established in 2017 at the University of Arkan-
sas System Division of Agriculture’s Rohwer Research Station 
(RRS) and Lon Mann Cotton Research Station (LMCRS). The 
5.7-acre field used for the trial at RRS has soils mapped as Her-
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bert silt loam (59%), McGehee silt loam (19%), and Sharkey 
and Desha clay (22%) and the 10-acre field used at LMCRS has 
Calloway (54%), Loring (28%), and Memphis (1%) silt loam 
and Marvell fine sandy loam (16%) soils (Slaton et al., 2018). 
Mean soil properties for the no-P or no-K fertilizer control 
treatments of each trial are provided in Table 1. 
Individual plots are 4-rows (38-in. row spacing) wide and 
extend the length of each field, approximately 220 ft at RRS 
and 260 ft at LMCRS. Corn was grown in 2017 before fertilizer 
treatment application, followed by a cereal rye cover planted at 
each location in the fall of 2017, fertilizer treatment application 
in the spring of 2018, a cotton crop in the 2018 growing season 
followed by a late-planted cover crop (Slaton et al., 2019), and 
a soybean crop in 2019 (Smartt et al., 2020). Following soybean 
harvest in fall 2019, cover crop treatments were established by 
drill seeding cereal rye (6-in. row spacing) on 10 October at RRS 
and 19 November at LMCRS. Two composite soil samples, each 
including six, 1.0-in. diameter soil cores (0- to 6-in. depth) from 
the top of the raised beds, representing the east and west sides 
of each plot, were collected on 5 November 2019 at RRS and 
20 November 2019 at LMCRS. Additional soil samples were 
collected on 10 April 2020 at RRS and 3 April 2020 at LMCRS 
to examine the influence of cover crop growth and sample time 
on selected soil chemical properties. Soil samples were analyzed 
for soil pH, Mehlich-3 extractable nutrients, and SOM (loss on 
ignition, LOI) by the University of Arkansas System Division of 
Agriculture’s Fayetteville Agricultural Diagnostic Laboratory at 
the Milo J. Shult Arkansas Agricultural Research and Extension 
Center, Fayetteville, Ark.
Tissue samples of cereal rye were collected immediately 
before termination to measure the aboveground nutrient content 
of the biomass. Two samples, one from the east side and one 
from the west side of each plot, having visual growth represen-
tative of each plot were composited by cutting a 3-ft section 
from one drill row in the top center of the bed of each plot (3.0 
ft2 sample area/plot). Samples were dried to constant moisture, 
ground to pass a 2-mm sieve, digested with concentrated nitric 
acid, and digests were analyzed for nutrient concentrations.
At each location, fertilizer-P treatment rates were 0, 40, 80, 
and 120 lb P2O5/acre (triple superphosphate), and fertilizer-K 
treatment rates were 0, 60, 120, and 180 lb K2O/acre (muriate 
of potash). The third annual fertilizer-P and -K treatment ap-
plications were made with a 12-ft wide drop spreader (Gandy 
Company, Owatonna, Minn.) after calibration for the lowest 
application rate of each fertilizer. The intermediate and high 
fertilizer rates were achieved with 1 or 2, respectively, addi-
tional passes down the length of the plots. A blanket application 
of 46 lb P2O5/acre was applied to the K trial and 120 lb K2O/
acre was applied to the P trial at each location with the drop 
spreader. Fertilizer treatment and blanket P and K applications 
were made on 28 April 2020 at RRS and 27 April 2020 at LM-
CRS and corn (Pioneer P1563VYHR) was planted on 1 May 
at RRS and on 2 May at LMCRS.
The corn at each location received recommended pest 
control and N fertilization based on the University of Arkansas 
System Division of Agriculture's Cooperative Extension Ser-
vice recommendations. Urea (400 lb/acre), ammonium sulfate 
(100 lb/acre), and zinc sulfate (30 lb/acre), providing 205, 29, 
and 10 lb/acre of N, S, and Zn, respectively, were applied to 
trials at LMCRS on 2 June 2020. Urea (300 lb/acre) and zinc 
sulfate (20 lb/acre), providing 138 and 7 lb/acre of N and Zn, 
respectively, were applied to trials at RRS on 22 May 2020. 
Corn was harvested on 14 September 2020 at RRS and on 21 
September 2020 at LMCRS. Grain yield was measured by 
harvesting the 2 middle rows of a 125-ft long section in the 
middle of each plot at RRS and the 2 middle rows of a 139-ft 
long section in the middle of each plot at LMCRS. Corn yield 
was calculated based on harvested area and a 56-lb bushel 
weight and adjusted to 15.5% moisture for statistical analysis 
and reporting. Following corn harvest, cereal rye was planted on 
21 September 2020 at RRS and on 27 October 2020 at LMCRS.
The effect of cereal rye growth and nutrient uptake on 
soil-test P and K was evaluated by calculating the difference 
between spring and fall sample means from each plot (fall 
2019 minus spring 2020). The experimental design of each trial 
was a 3-replicate, randomized complete block with a split-plot 
treatment structure where cover crop (with or without) was 
the main-plot factor and fertilizer rate was the subplot factor. 
Analysis of variance was performed by location and nutrient 
on cereal rye dry matter and nutrient uptake, selected soil-test 
properties, and corn grain yield data using the MIXED pro-
cedure of SAS v. 9.4 (SAS Institute, Cary, N.C.). Differences 
were interpreted as significant when P ≤ 0.10.
Results and Discussion
Cereal rye dry matter and aboveground P content were 
not affected by fertilizer-P rate in the RRS and LMCRS P tri-
als (Table 2). Although not statistically compared, cereal rye 
produced much greater biomass at RRS (7359 lb/acre) than at 
LMCRS (2044 lb/acre), which may be from later planting and 
perhaps less available soil-N at LMCRS. Cereal rye P concen-
tration was not affected by the fertilizer-P rate at LMCRS. At 
RRS, cereal rye P concentration was lower from the control 
(0.20%) than from treatments where P was applied (0.24% to 
0.26%), which did not differ from each other, regardless of rate. 
As was the case with the P trials, fertilizer-K rate did not affect 
cereal rye dry matter or aboveground K content in either of the 
K trial locations and did not impact tissue-K concentration at 
LMCRS (Table 3). In the K trial at RRS, however, cereal rye 
in the no-K control had lower tissue-K concentration (1.52%) 
than cereal rye in the 60 lb K2O/acre and 180 lb K2O/acre K 
rate treatments (1.69% and 1.66%, respectively), which did 
not differ from each other, while the tissue-K concentration of 
cereal rye from the 120 lb K2O/acre treatment (1.60%) did not 
differ from any of the treatments.  
The mean aboveground nutrient content of cereal rye was 
equivalent to as much as 39 lb P2O5 and 151 lb K2O/acre at RRS 
and 15 lb P2O5/acre and 51 lb K2O/acre at LMCRS, indicating 
substantial nutrient uptake can occur from fall and winter cover 
crop growth (Tables 2 and 3). Aboveground nutrient content 
at RRS was consistent with results from 2018, where biomass 
contained the equivalent of about 33 lb P2O5 and 153 lb K2O/
acre (Slaton et al., 2019). 
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For soil samples collected following soybean harvest in 
the fall of 2019, soil-test K in the K trial at LMCRS was the 
only soil property of interest affected by cover crop treatment 
(P = 0.0321; data not shown). Averaged across fertilizer-K 
rates, soil-test K was greater in soil having the cereal rye cover 
crop (111 ppm) compared to soil managed with winter fallow 
(98 ppm, data not shown). In the fall, the annual fertilizer-P or 
-K rate influenced soil-test P in both P trials and soil-test K in 
both K trials, respectively, with soil-test values increasing as 
fertilizer application rate increased. The cover crop by fertil-
izer rate interaction was not significant for any measured soil 
property in the fall soil samples. 
Soil organic matter was not measured in the fall, but in 
spring soil samples, SOM was significantly increased from 
1.61% in the winter fallow treatment to 1.77% for the cereal 
rye cover crop in the LMCRS K trial and from 1.20% in the 
winter fallow treatment to 1.30% for the cereal rye cover crop 
in the RRS P trial (data not shown). Soil organic matter was 
not influenced by cover crop treatment in the other two trials. 
These results are consistent with spring 2019 samples, where 
SOM in the LMCRS K trial and RRS P trial averaged 0.06% 
greater in soil managed with cereal rye, relative to soil managed 
with winter fallow (Smartt et al., 2020). 
Soil-test P was significantly affected by fertilizer-P rate in 
the P trial at RRS where soil-test P increased with each increas-
ing fertilizer-P rate, but was not affected by cover crop treatment 
or its interaction with P rate (Table 4). While the no-fertilizer-P 
control remained constant, soil-test P was increased by 2, 4, 
and 11 ppm at application rates of 40, 80, and 120 lb P2O5, 
respectively, relative to the same trial in 2019 (Smartt et al., 
2020). The difference in soil-test P from cover crop planting in 
the fall to termination in the spring ranged from 2.2 to 6.6 ppm 
and averaged 3.9 ppm, but was not influenced by cover crop 
treatment, fertilizer-P rate, or their interaction in the P trial at 
RRS.  In the P trial at LMCRS, the interaction of cover crop 
and P rate significantly affected soil-test P (Table 4). Soil-test P 
was greater in the winter fallow treatment than in soil managed 
with the cereal rye cover crop in the 120 lb P2O5/acre treatment 
but did not differ between cover crop treatments for the other 
fertilizer-P rates. The winter fallow treatment of the P trial at 
LMCRS exhibited a significant increase in soil-test P with each 
increasing fertilizer-P rate. In the cereal rye treatment, soil-test 
P in the no-fertilizer-P control and 40 lb P2O5/acre treatments 
did not differ but was lower than in the 80 lb P2O5/acre and 
120 lb P2O5/acre treatments, which were statistically similar. 
Relative to the same trial in 2019, soil-test P, averaged across 
cover crop treatments, increased by 2, 4, 6, and 9 ppm at ap-
plication rates of 0, 40, 80, and 120 lb P2O5/acre, respectively 
(Smartt et al., 2020). 
The interaction of cover crop and P rate influenced the 
difference in soil-test P from cover crop planting in the fall to 
spring termination in the P trial at LMCRS (Table 4). Relative to 
winter fallow, the soil-test P difference was greater with cereal 
rye for the 40 lb P2O5/acre and 120 lb P2O5/acre treatments, 
while the difference was greater in the winter fallow treatment, 
relative to cereal rye, for soil fertilized with 80 lb P2O5/acre. 
The reason for the inconsistency in the difference in soil-test P 
in the P trial at LMCRS is unknown, but the mean difference 
(2.6 ppm) is similar to the 2.5 ppm difference reported for the 
trial in 2018 (Slaton et al., 2019). 
The RRS K-trial soil-test K increased with each increasing 
fertilizer-K rate but was not affected by cover crop treatment 
or the interaction (Table 5). The difference in soil-test K from 
cover crop planting in the fall to spring termination was affected 
by cover crop in the K trial at RRS, where, averaged across 
annual fertilizer-K rates, the soil-test K declined by 19 ppm 
where cereal rye was grown but declined only 11 ppm in the 
winter fallow treatment. 
Soil-test K in the K trial at LMCRS was affected by the 
interaction of cover crop and fertilizer-K rate (Table 5). Soil-
test K was numerically greater in soil managed with cereal rye 
compared to soil in the winter fallow treatment for the 0 lb K2O/
acre and 180 lb K2O/acre treatments, but soil-test K tended to 
be greater in the winter fallow treatment for the 60 lb K2O/acre 
and 120 lb K2O/acre treatments. Before cover crop termination 
in the spring, lower soil-test K is expected with the presence of 
cereal rye, relative to no cover crop, due to accumulation of K 
in aboveground biomass. In this trial, the cereal rye cover crop 
treatment that received no fertilizer K had higher soil-test K in 
the spring than the winter fallow treatment because it started 
with higher soil-test K in the fall (77 ppm compared to 68 
ppm for the winter fallow) not due to differences in biomass 
accumulation of K. Interestingly, in spring 2019, soil-test K in 
the K trial at LMCRS did not differ between the cereal rye and 
winter fallow treatments (Smartt et al., 2020). However, after 
the fertilizer-K treatments were applied and the soybean crop 
was harvested, soil-test K in the fall was 13 ppm higher in the 
cereal rye treatment than the winter fallow, before the cover 
crop treatments achieved similar soil-test K values again in 
spring 2020. Averaged across fertilizer-K rates, soil-test K over 
the 2019 soybean growing season increased by 3 ppm in the 
winter fallow treatment and 13 ppm in the cereal rye treatment. 
These results indicate the cereal rye cover crop influences 
nutrient cycling within the production system, where the cereal 
rye accumulates K from the soil as it grows then returns the 
K to the soil after termination. Based on the similar soil-test 
K between the cereal rye and winter fallow treatments in the 
spring of 2020 with additional K contained in cereal rye bio-
mass, there may be additional factors influencing the nutrient 
cycling dynamics and nutrient storage capacity of the system. 
Soil organic matter in this trial was 0.16% higher with cereal rye 
relative to the soil from the winter fallow treatment, which could 
explain an increase in cation exchange capacity. The trend of 
increasing SOM and nutrient availability with the use of cover 
crops is expected and commonly reported in the literature. As 
this research continues, a greater understanding of the long-term 
influence of cover crops on soil-test properties will be gained 
and it may clarify which soil properties are influenced by the 
cover crop management. After 2 annual fertilizer treatment 
applications, fertilizer-P and -K rate differences were reflected 
in soil-test values measured before treatment application and 
planting in 2020. 
Corn grain yield in 2020 was affected by cover crop in the 
LMCRS P trial where cereal rye resulted in a 19% yield reduc-
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tion relative to winter fallow, while P rate and the interaction of 
cover crop and P rate did not affect corn grain yield (Table 6). 
The cause of the low corn grain yields at the LMCRS (mean 
yields of 120 and 129 bu/acre in the P and K trials, respectively) 
is not known, but a post-harvest examination of the corn sug-
gests that irrigation may have been insufficient. Cover crop 
treatment, fertilizer-P rate, and their interaction did not affect 
corn grain yield in the P trial at RRS, which averaged 307 bu/
acre. Similar to the P trial, corn grain yield in the K trial at 
LMCRS was reduced by 17% following the cereal rye winter 
cover crop relative to winter fallow, but corn yield was not 
affected by fertilizer-K rate or the cover crop by fertilizer-K 
rate interaction (Table 7). The cover crop by fertilizer-K rate 
interaction significantly affected corn yield in the K trial at RRS 
where, within the winter fallow treatment, the 180 lb K2O/acre 
treatment had a greater corn yield than the 120 lb K2O/acre and 
0 lb K2O/acre treatments, while corn receiving the 60 lb K2O/
acre treatment yielded similar to all other treatments. Within 
the cereal rye treatment in the K trial at RRS, corn fertilized 
with 120 lb K2O/acre produced a greater grain yield than corn 
fertilized with 0 lb K2O/acre and 180 lb K2O/acre treatment, 
which had statistically similar yields. The corn grain yield 
from the 60 lb K2O/acre treatment did not differ from any other 
fertilizer-K rate treatment.
Practical Applications
Despite the low corn grain yields in both trials at the 
LMCRS, corn yields following the cereal rye cover crop were 
consistently lower than corn following winter fallow which is at 
least partially attributed to immobilization of soil and fertilizer-
N from the decomposition of the cereal rye residue. Cereal rye 
did not reduce soybean yield in 2019 relative to winter fallow 
most likely because N deficiency was not an issue for soybean. 
At the RRS, the cover crop treatment and fertilizer-P rate treat-
ments did not influence corn grain yield in the P trails, but the 
addition of fertilizer-K tended to increase corn grain yield, 
especially following the cereal rye cover crop. 
The cumulative effect of the three seasons of cover crop 
treatments measured by soil samples collected in spring 2020 
generally suggested that cover crop had little or no significant 
effect on soil-test P and K. The seasonal (fall vs. spring) effect 
of the cereal rye cover crop growth on soil-test P and K was 
noticeable for the LMCRS trials, especially the fertilizer-K trial, 
where soil-test K was 13 ppm greater with cereal rye relative 
to winter fallow in fall 2019 while soil-test K did not differ 
between cover crop treatments in spring 2020. Furthermore, 
the soil samples from soil receiving the cereal rye treatment 
consistently had greater soil-test P and K differences between 
fall and spring soil sample times compared to soil managed 
with winter fallow suggesting that nutrient uptake by the cover 
crop reduced the soil-test values. Soil samples also consistently 
showed that increasing fertilizer-P and -K rates resulted in 
significant increases in soil-test P and K values.  In 2 of the 4 
trials, SOM was significantly higher (0.10% to 0.16%) in soil 
collected from plots that included the cereal rye cover crop 
suggesting that cover crops may help slowly build SOM in 
Arkansas soils. As these trials continue, the effects of cereal rye 
winter cover crop and fertilization rate on soil-test properties 
and crop yields will likely become more evident.
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Table 2. Analysis of variance P-values and means for cereal rye dry matter and the 
aboveground tissue concentration and content of phosphorus, potassium, and sulfur in the
fertilizer-P rate trials at the University of Arkansas System Division of Agriculture’s Lon Mann Cotton
Research Station (LMCRS) and Rohwer Research Station (RRS) in April 2020 before cover crop termination.
 LMCRS RRS 
Measurement Fertilizer rate Mean C.V. Fertilizer rate Mean C.V.
 (P-value)  (%) (P-value)  (%)
Dry	matter	(lb/acre)	 0.6715	 2,044	 16.5	 0.9846	 7,359	 12.1
P,	%	 0.3018	 0.300	 7.6	 0.0675	 0.233	 8.8
K,	%	 0.6629	 2.07	 4.8	 0.0757	 1.71	 5.5
S,	%	 0.5069	 0.118	 6.8	 0.2561	 0.083	 9.0
P	Content	(lb/acre)	 0.3988	 6.1	 19.1	 0.3555	 17.1	 14.0
S	Content	(lb/acre)	 0.5385	 2.4	 18.5	 0.3495	 6.0	 10.7
K	Content	(lb/acre)	 0.7263	 42	 20.3	 0.6239	 125	 13.0
Table 1. Mean soil pH, organic matter (SOM), and Mehlich-3 extractable
nutrients in the 0-6 inch depth for the no-fertilizer-phosphorus or no-fertilizer-potassium
control treatments of the P and K trials at the University of Arkansas System Division of
Agriculture’s Lon Mann Cotton Research Station (LMCRS) and Rohwer Research Station (RRS) in spring 2020. 
 LMCRS RRS 
Soil property P trial K trial P trial K trial
Soil pH 7.1 7.2 6.6 6.6
P	(ppm)	 26	 35	 38	 29
K	(ppm)	 75	 64	 138	 95
Ca	(ppm)	 1,009	 1,148	 879	 830
Mg	(ppm)	 325	 295	 139	 126
S	(ppm)	 5.2	 5.5	 6.2	 5.8
Fe	(ppm)	 175	 186	 285	 250
Mn	(ppm)	 132	 130	 131	 126
Cu	(ppm)	 1.1	 1.2	 0.9	 0.8
Zn	(ppm)	 0.9	 2.2	 2.2	 2.3
B	(ppm)	 1.2	 1.3	 1.2	 1.0
SOM	(%)	 1.5	 1.7	 1.3	 1.1
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Table 3. Analysis of variance P-values and means for cereal rye dry matter and the
aboveground tissue concentration and content of phosphorus, sulfur, and potassium in the
fertilizer-K rate trials at the University of Arkansas System Division of Agriculture’s Lon Mann Cotton
Research Station (LMCRS) and Rohwer Research Station (RRS) in April 2020 before cover crop termination.
 LMCRS RRS 
Measurement Fertilizer rate Mean C.V. Fertilizer rate Mean C.V.
 (P-value)  (%) (P-value)  (%)
Dry	matter	(lb/acre)	 0.3882	 1,885	 17.5	 0.6575	 4,552	 18.0
P,	%	 0.4401	 0.343	 8.4	 0.1874	 0.210	 5.4
K,	%	 0.5031	 2.12	 6.0	 0.0924	 1.62	 4.3
S,	%	 0.5720	 0.120	 8.0	 0.4547	 0.077	 6.1
P	Content	(lb/acre)	 0.0385	 6.4	 10.0	 0.8021	 9.7	 21.4
S	Content	(lb/acre)	 0.0906	 2.3	 11.8	 0.7747	 3.5	 16.7
K	Content	(lb/acre)	 0.1441	 40	 14.3	 0.4098	 75	 18.7
Table 4. Influence of the cover crop (CC) main-plot effect, the fertilizer-phosphorus rate
subplot effect, and their interaction on soil-test P in spring 2020, before annual fertilizer-P
treatment application, and the difference in soil-test P between cover crop establishment in fall 2019
and termination in spring 2020 in the fourth year of fertilizer-P rate trials at the University of Arkansas System
Division of Agriculture’s Lon Mann Cotton Research Station (LMCRS) and Rohwer Research Station (RRS).
 Soil-test P Soil-test P difference
 LMCRS RRS LMCRS RRS
 Winter Cereal Rate Winter Cereal Rate Winter Cereal Rate Winter Cereal Rate
Annual-P rate† fallow rye mean fallow rye mean fallow rye mean fallow rye mean
(lb P2O5/acre)  ---------------------------------------------------------- (ppm) ----------------------------------------------------------
 0 26.0 26.3 26.2 37.3 38.7 38.0 d‡ -0.1 1.1 0.5 2.2 2.4 2.3
 40 29.3 26.7 28.0 45.7 44.0 44.8 c 0.4 3.4 1.9 3.7 4.7 4.2
 80 32.7 30.7 31.7 52.3 50.3 51.3 b 5.6 2.7 4.2 3.2 6.0 4.6
 120 40.7 31.3 36.0 60.0 60.3 60.2 a 0.7 6.6 3.6 2.6 6.6 4.6
CC Mean 32.2 28.8 -- 48.8 48.3 -- 1.7 3.5 -- 2.9 4.9 --
P rate  --------<0.0001 --------   -------- <0.0001 ---------  ------------0.0078 -------  -----------0.6297 -------
Cover	crop	  ----------0.1678 --------   ----------0.8783 ---------  ------------0.0600 -------  -----------0.1601 -------
Interaction	  ----------0.0042§ -------   ----------0.8939 ---------  ------------0.0039¶ ------  -----------0.7819 -------
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Table 5. Influence of the cover crop (CC) main-plot effect, the fertilizer-potassium rate
subplot effect, and their interaction on soil-test K in spring 2020, before annual fertilizer-K
treatment application, and the difference in soil-test K between cover crop establishment in fall 2019
and termination in spring 2020 in the fourth year of fertilizer-K rate trials at the University of Arkansas System
Division of Agriculture’s Lon Mann Cotton Research Station (LMCRS) and Rohwer Research Station (RRS).
 Soil-test K Soil-test K difference
 LMCRS RRS LMCRS RRS
 Winter Cereal Rate Winter Cereal Rate Winter Cereal Rate Winter Cereal Rate
Annual-K rate† fallow rye mean fallow rye mean fallow rye mean fallow rye mean
(lb K2O/acre)  ---------------------------------------------------------- (ppm) ----------------------------------------------------------
0 61 66 64 100 89 95 d‡ 8 11 9 b 11 15 13
60 74 69 72 123 110 117 c 13 24 19 ab 10 32 21
120 95 87 91 140 129 135 b 14 43 28 a 4 14 9
180 108 111 110 154 151 153 a 18 33 26 a 18 16 17
CC Mean 85 83 -- 130 120 -- 13 b 28 a -- 11 b 19 a --
P rate  --------<0.0001 --------   -------- <0.0001 ---------  ------------0.0355 -------  -----------0.2899 -------
Cover	crop	  ----------0.3435 --------   ----------0.1809 ---------  ------------0.0410 -------  -----------0.0287 -------
Interaction	  ----------0.0127§ -------   ----------0.5987 ---------  ------------0.2225 -------  -----------0.2556 -------





Table 6. Corn grain yield as affected by annual fertilizer-phosphorus rate, cover crop (CC), and their interaction
during the fourth year of long-term fertilizer-P rate trials at the University of Arkansas System Division
of Agriculture’s Lon Mann Cotton Research Station (LMCRS) and Rohwer Research Station (RRS) in 2020.
 LMCRS RRS
 Winter Cereal Rate Winter Cereal Rate
Annual-P rate† fallow rye mean fallow rye mean
(lb P2O5/acre) ----------------------------------------------(bu./acre) ------------------------------------------
 0 128 116 122 296 299 298
 40 129 108 118 313 291 302
 80 134 101 118 323 312 317
 120 136 104 120 310 311 310
CC Mean 132 a‡ 107 b -- 310 303 --
P rate  ------------------- 0.8422 -----------------  ------------------- 0.2378 ----------------
Cover	crop	  ------------------- 0.0338 -----------------  ------------------- 0.1802 ----------------
Interaction	  ------------------- 0.2421 -----------------  ------------------- 0.5510 ----------------
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Table 7. Corn grain yield as affected by annual fertilizer-potassium rate, cover crop (CC), and their interaction
during the fourth year of long-term fertilizer-K rate trials at the University of Arkansas System Division
of Agriculture’s Lon Mann Cotton Research Station (LMCRS) and Rohwer Research Station (RRS) in 2020.
 LMCRS RRS
 Winter Cereal Rate Winter Cereal Rate
Annual-K rate† fallow rye mean fallow rye mean
(lb K2O/acre) ----------------------------------------------(bu./acre) ------------------------------------------
 0 136 119 127 298 276 287
 60 138 126 132 299 292 296
 120 147 113 130 296 302 299
 180 144 109 127 312 285 298
CC Mean 141 a‡ 117 b -- 301 289 --
P rate  ------------------- 0.7899 -----------------  ------------------- 0.1558 ----------------
Cover	crop	  ------------------- 0.0075 -----------------  ------------------- 0.3039 ----------------
Interaction	  ------------------- 0.1459 -----------------  ------------------- 0.0347§ ---------------
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Appendix: Soil Testing Research Proposals
2020–2021 Soil Testing Research Proposals 
Principal 





    (US$) 
Matt Bertucci John Jennings, 
Dirk Philipp 
Assessment of Bermudagrass Forage Yield and Nutrient 
Uptake in Response to Phosphorus Fertilization 
2 of 3 29,000 
     
Michael Popp Nathan Slaton Economic Evaluation of Timing and Rates of Potassium 
for Soybean 
1 of 3 25,958 
     
Nathan Slaton Trent Roberts Post Doctorate and Graduate Student Assistantships 2 of 3 140,969 
     
Nathan Slaton Trenton Roberts, 
Gerson Drescher 
Soil-Test Results as Affected by Soil Conditions at the 
Time of Sample Collection 
1 of 2 24,500 
     
Nathan Slaton  Long-Term Phosphorus and Potassium Fertilization Plots 1 of 3 50,145 
     
Leo Espinoza John Jennings Validation of Phosphorus and Potassium 
Recommendations for Warm-Season Grasses 
2 of 2 20,000 
  Total: 290,572 
 


